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ABSTRACT 
      This study is carried out at the Industrial Area of Khartoum North in 
the Khartoum state to determine the industrial effluents characteristics, their 
effect on sewers and their impact to the surrounding environment. Special 
attention has been given to tanneries effluents. 
       In this study some factories, in the Industrial Area of Khartoum North, 
with different industrial types were selected for a closer study; their industrial 
operations and processing were observed, and their effluents were taken for 
physical and chemical analysis. 
       The factories were:   
1-Food Industry (Tahnia), Military Forces Factory. 
2-Textiles, Sudanese Dyers Co. Ltd. 
3-Pharmaceuticals, Amipharma. 
4-Soaps and Oils, Soap and Allied Industries (Bittar). 
5-Tanneries, Hibatan Tannery. 
Most of the factories in the Industrial Area of Khartoum North have no 
pretreatment units for the treatment of their effluents and therefore 
characteristics of wastewater flowing to the pubic sewerage system are not 
conforming with the standard limits.     
     The analyses were performed to measure the characteristics of these 
industrial effluents: they include physical tests like: colour, odor, 
temperatures, and chemical tests like: pH, BOD, COD, SS, TDS, Chrome 
content, and dissolved sulphides tests.  
      The results of the physical and chemical tests showed different degrees of 
pollution for different industries. These results were compared with          
THE INDUSTRIAL LOCAL ORDER FOR KHARTOUM 
NORTH OF 1971 together with the limits used by INDUSTRY 
DEVELOPMENT ORDERS of the nineties. Pharmaceutical, textiles, 
and soap industries showed less pollution, while food industries and tanneries 
showed a great degree of pollution; they almost exceeded all the acceptable 
limits of 1971. 
       Tanneries were selected for the design of the pretreatment unit plant. All 
tanning processes, chemicals used in each process, and the types of wastes 
(solid and liquid) produced in each stage were observed. The max number of 
the different types of skins (i.e. the batch), the amount of water used in the 
industry, and the amount of wastewater produced were calculated.  
       Many other tanneries in Khartoum state were visited to know the different 
tanning processing used and also to see their pretreatment units. Almost all of 
these tanneries use the same operations and processes for the tanning, but 
unfortunately most of them have only physical treatment (screens and settling 
tanks) with no maintenance or cleaning intervals. No treatment for the chrome 
content or the dissolved sulphides is carried out; their effects to the man and 
environment are widely known. Afrotan tannery has relatively a more 
advanced pretreatment unit plant. 
       A typical pretreatment unit plant is proposed for the tanneries effluents, it 
comprises: 
- A bar screen: this decreases the suspended solids in the effluent. 
- A lifting tank with a lifting pump of submersible type. 
- A Chrome (Cr) storage and precipitation tank, where calcium hydroxide 
is added. Aeration can be used to enhance the precipitation. All Cr and 
other heavy metals are precipitated as hydroxides in the process. A 
mobile helicoidally sludge suction pump is used to remove all the 
precipitated Cr sludge and transferred to the Cr sludge drying beds. 
BOD and COD are also reduced. 
- Equalization and sulphides oxidation tank: all effluents are collected in 
this tank, mixed together, neutralized and become a homogenous 
solution. A rotary vane blower and a system of air diffuser devices are 
used for aeration of the effluent to oxidize all the dissolved sulphides. 
BOD and COD are also reduced in the process. 
- Pit for eventual dosage of chemicals: poly, manganese sulphate, and 
iron chloride may be added to the effluent, just before the sedimentation 
tank, to enhance the settling of all the remaining suspended solids. 
- Sedimentation tank, Dortmund type: all the suspended solids are 
removed in this tank; BOD is also reduced by a great percentage. The 
mobile suction pump (used for the suction of Cr sludge above) is used 
to remove all the other settling sludge from the sedimentation tank and 
transfer it to the other sludge drying beds. 
- Drying beds: Cr drying beds and other sludge drying beds are used to 
dry the sludge for the removal of odors and for volume reduction. Cr 
can also be reused after its drying but it needs special separate system 
for the process. 
                
       The construction of the effluent treatment plant cost lots of money, but 
here in this design, this problem is highly considered and overcomed. The 
proposed pretreatment unit plant will cost about 60,000 US.$. This is all done 
to enhance the construction of these plants to provide a clean effluent and 
hence a clean environment. 
         A comparison is made with other designs prepared by the UNIDO, 
solving the problems of 7 tanneries in Africa. The designs were almost 
similar, depending on the situation. The cost varies between 100,000 and 
250,000 US.$. This cost is really cheap compared with the great hazards that 
are caused by tanneries effluents. 
 
 
         
 
  
 
 اﻟﺨﻼﺻﺔ
 
               ﺗﻢ اﺟﺮاء هﺬا  ا ﻟﺒﺤﺚ ﻓﻰ اﻟﻤﻨﻄﻘﻪ اﻟﺼﻨﺎﻋﻴﻪ ﻟﻤﺪﻳﻨﺔ اﻟﺨﺮﻃﻮم ﺑﺤﺮى ، وﻻﻳﺔ ا ﻟﺨﺮﻃﻮم ،
 ا ﻟﺴﻮدان ، ﻟﺪراﺳѧﺔ ﺥѧﻮاص اﻟﻤﺨﻠﻔѧﺎت اﻟﺼѧﻨﺎﻋﻴﻪ اﻟﺴѧﺎﺋﻠﻪ واﺛﺮهѧﺎ ﻋﻠѧﻰ ﺷѧﺒﻜﺔ اﻟﺼѧﺮف اﻟﺼѧﺤﻰ و ﻋﻠѧﻰ 
. ﺗѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧﻢ اﻟﺘﺮآﻴﺰﻋﻠѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧﻰ ﻡﺨﻠﻔѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧﺎت اﻟﻤѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧﺪاﺑﻎ .  اﻟﺒﻴﺌѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧﻪ اﻟﻤﺤﻴﻄѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧѧﻪ 
           ﺷѧѧﻤﻠﺖ هѧѧﺬﻩ اﻟﺪراﺳѧѧﻪ ﻋѧѧﺪة ﻡﺼѧѧﺎﻥﻊ ﻓѧѧﻰ اﻟﻤﻨﻄﻘѧѧﻪ اﻟﺼѧѧﻨﺎﻋﻴﻪ  ﻟﻤﺨﺘﻠѧѧﻒ                             
اﻟﻤѧѧﻮد اﻟﻤﺴѧѧﺘﺨﺪﻡﻪ   ﻓѧѧﻰ اﻟﺼѧѧﻨﺎﻋﻪ ، و أﺥѧѧﺬت ﻋﻴﻨѧѧﺎت  ﻡѧѧﻦ ،ﺗﻤѧѧﺖ دراﺳѧѧﺔ ﻃѧѧﺮق اﻟﺘﺼѧѧﻨﻴﻊ : اﻟﺼѧѧﻨﺎﻋﺎت 
  . اﻟﻔﻴﺰﺑﺎﺋﻴﻪ  و اﻟﻜﻴﻤﻴﺎﺋﻴﻪ ﺟﺮاء اﻷﺥﺘﺒﺎراتءاﻟﻤﺨﻠﻔﺎت اﻟﺴﺎﺋﻠﻪ ﻻ
  :         اﻟﻤﺼﺎﻥﻊ هﻰ
  . ﻡﺼﻨﻊ اﻟﻘﻮات اﻟﻤﺴﻠﺤﻪ ﻟﻠﻄﺤﻨﻴﻪ-١
  . ﺷﺮآﺔ اﻟﺼﺒﺎﻏﻮن اﻟﺴﻮداﻥﻴﻮن-٢
  . ﺷﺮآﺔ اﻡﻴﻔﺎارﻡﺎ ﻟﻠﺼﻨﺎﻋﺎت اﻟﺪواﺋﻴﻪ-٣
  . ﺷﺮآﺔ ﺑﻴﻄﺎر ﻟﻠﺰﻳﻮت و اﻟﺼﺎﺑﻮن-٤
  . ﻡﺪﺑﻐﺔ هﺒﻪ ﺗﺎن-٥
ﺗﻤﺘﻠѧﻚ وﺡѧﺪات ﻡﻌﺎﻟﺠѧﻪ اوﻟﻴѧﻪ ﻟﻤﻌﺎﻟﺠѧﺔ           ﻡﻌﻈﻢ اﻟﻤﺼﺎﻥﻊ ﻓﻰ اﻟﻤﻨﻄﻘﻪ اﻟﺼﻨﺎﻋﻴﻪ اﻟﺨﺮﻃﻮم ﺑﺤﺮى ﻻ 
  .ﻓﺘﻮّﺹﻞ اﻟﻤﺨﻠﻔﺎت اﻟﻤﻠﻮﺛﻪ ﻡﺒﺎﺷﺮة اﻟﻰ ﺷﺒﻜﺔ اﻟﺼﺮف اﻟﺼﺤﻰ، ﻡﺨﻠﻔﺎﺗﻬﺎ اﻟﺴﺎﺋﻠﻪ 
ﻟﻤﻌﺮﻓﺔ آﻤﻴﺔ اﻟﺘﻠﻮث اﻟﻤﻮﺟﻮدﻩ ﻓѧﻰ اﻟﻤﺨﻠﻔѧﺎت اﻟﺼѧﻨﺎﻋﻴﻪ اﻟﻤﺨﺘﻠﻔѧﻪ  ﺟﺮﺁء اﻷﺥﺘﺒﺎرات اﻟﻤﻌﻤﻠﻴﻪ ء          ﺗﻢ ا 
ﺥﺘﺒѧﺎرات آﻴﻤﻴﺎﺋﻴѧﻪ ﻡﺜѧﻞ ءو ا، ﺔ   اﻟﺤѧﺮارﻩ و درﺟѧ، اﻟﺮاﺋﺤѧﻪ، ﺥﺘﺒѧﺎرات ﻓﻴﺰﻳﺎﺋﻴѧﻪ ﻡﺜѧﻞ اﻟﻠѧﻮن ءا: و ﺷѧﻤﻠﺖ
اﻟﻤѧﻮاد   ، DOC اﻷآﺴѧﺠﻴﻦ اﻟﻜﻴﻤﻴѧﺎﺋﻰ     ،   DOB اﻷآﺴﺠﻴﻦ اﻟﺤﻴﺎآﻴﻤﻴѧﺎﺋﻰ  ، ﺗﺮآﻴﺰ أﻳﻮن اﻟﻬﻴﺪروﺟﻴﻦ 
أﻇﻬѧѧﺮت . و اﻟﻜﺒﺮﻳﺘﻴѧѧﺪ اﻟﻤѧѧﺬاب ، آﻤﻴѧѧﺔ اﻟﻜѧѧﺮوم   ،  SDT اﻟﻤѧѧﻮاد اﻟﺬاﺋﺒѧѧﻪ اﻟﻜﻠّﻴѧѧﻪ    ،  SSاﻟﺼѧѧﻠﺒﻪ اﻟﻌﺎﻟﻘѧѧﻪ 
ﻗѧﺎﻧﻮن اﻷﻣѧﺮ اﻟﻤﺤﻠѧﻰ ﻟﻠﻤﻨﻄﻘѧﻪ " ﻗﻮرﻥﺖ هѧﺬﻩ اﻟﻨﺘѧﺎﺋﺞ ﻡѧﻊ . ﻟﻨﺘﺎﺋﺞ اﻟﻤﻌﻤﻠﻴﻪ  ﺗﺒﺎﻳﻦ واﺿﺢ ﻓﻰ ا اﻷﺥﺘﺒﺎرات
 .اﻟﺘﻨﻤﻴѧﺔ اﻟﺼѧﻨﺎﻋﻴﺔ أﻳﻀѧﺂ ﻡѧﻊ اﻟﺤѧﺪود اﻟﻤﺴѧﺘﺨﺪﻡﺔ ﻟѧﺪى   و"م١٧٩١اﻟﺼѧﻨﺎﻋﻴﻪ اﻟﺨﺮﻃѧﻮم ﺑﺤѧﺮى ﻟﻠﻌѧﺎم 
 ﻥﺴﺒﻪ ﺗﻠﻮث ﻗﻠﻴﻠѧﻪ ﻡﻘﺎرﻥѧﺔ ﻡѧﻊ  وﻡﺼﻨﻊ اﻟﺼﺎﺑﻮن أﻇﻬﺮت اﻟﻤﺨﻠﻔﺎت اﻟﺴﺎﺋﻠﻪ ﻟﻠﺼﻨﺎﻋﺎت اﻟﺪواﺋﻴﻪ و اﻟﻤﺼﺒﻐﻪ 
  .م١٧٩١اﻟﻄﺤﻨﻴﻪ ﺡﻴﺚ ﺗﻌﺪت ﻥﺘﺎﺋﺠﻬﻤﺎ اﻟﺤﺪود اﻟﻤﺴﻤﻮح ﺑﻬﺎ ﻓﻰ ﻗﺎﻥﻮن ﻡﺨﻠﻔﺎت اﻟﻤﺪﺑﻐﻪ و ﻡﺼﻨﻊ 
ﺗﻤѧﺖ ﻡﻌﺮﻓѧﺔ .           أﺥﺘﻴѧﺮت اﻟﻤﺪﺑﻐѧﻪ ﻟﺘﺼѧﻤﻴﻢ ﻡﺤﻄѧﺔ اﻟﻤﻌﺎﻟﺠѧﻪ اﻷوﻟﻴѧﻪ ﻟﻬѧﺎ ﻥﺴѧﺒﺔ ﻟﻜﻮﻥﻬѧﺎ اﻷآﺜѧﺮ ﺗﻠﻮﺛѧﺂ 
و اﻥѧﻮاع اﻟﻤﺨﻠﻔѧﺎت اﻟﺴѧﺎ ﺋﻠѧﻪ و ، اﻟﻤѧﻮاد اﻟﻜﻴﻤﻴﺎﺋﻴѧﻪ اﻟﻤﺴѧﺘﺨﺪﻡﻪ ﻓѧﻰ  آѧﻞ ﻡﺮﺡﻠѧﻪ ، ﺟﻤﻴѧﻊ ﻡﺮاﺡѧﻞ اﻟﺪﺑﺎﻏѧﻪ 
( اﻟѧُﺪ ﻓﻌѧﻪ )  ﺗﻢ ﺡﺴﺎب آﻤﻴﺔ اﻟﻤﻨﺘﺞ ﺑﻌﻤﻠﻴѧﺔ دﺑﺎﻏѧﻪ واﺡѧﺪﻩ ﻡѧﻦ اﻟﺠﻠѧﻮد اﻟﻤﺨﺘﻠﻔѧﻪ .  ﺟﻤﻴﻊ اﻟﻤﺮاﺡﻞ اﻟﺼﻠﺒﻪ ﻓﻰ 
  .آﻤﺎ ﺗﻤﺖ ﻡﻌﺮﻓﺔ آﻤﻴﺔ اﻟﻤﻴﺎﻩ اﻟﻤﺴﺘﺨﺪﻡﻪ و ااﻟﺨﺎرﺟﻪ ﻡﻦ آﻞ ﻡﺮﺡﻠﻪ
،           ﺗﻤﺖ زﻳﺎرة ﻋﺪد ﻡﻦ اﻟﻤﺪاﺑﻎ ﻓﻲ وﻻﻳﺔ اﻟﺨﺮﻃﻮم ﻟﻤﻘﺎرﻥﺔ و ﻡﻌﺮﻓﺔ اﻷﺥﺘﻼﻓﺎت ﻓﻰ ﻃѧﺮق اﻟﺪﺑﺎﻏѧﻪ 
ُوﺟﺪ أن ﻡﻌﻈﻢ هﺬﻩ اﻟﻤﺪاﺑﻎ  ﻟﻬﺎ ﻓﻘѧﻂ . ﺮﻓﺔ آﻴﻔﻴﺔ ﻡﻌﺎﻟﺠﺔ آﻞ ﻡﻦ هﺬﻩ اﻟﻤﺪاﺑﻎ ﻟﻤﺨﻠﻔﺎﺗﻬﺎ اﻟﺴﺎﺋﻠﻪ و أﻳﻀﺂ   ﻟﻤﻌ 
ﺟѧﻮدﻩ ﻻ ﺗﻨﻈѧѧﻒ و ﻻ ﺗﺼѧѧﺎن ﺡﺘѧﻰ اﻟﻮﺡѧѧﺪات اﻟﻤﻮ، ﻡﻌﺎﻟﺠѧﻪ ﻓﻴﺰﻳﺎﺋﻴѧѧﻪ ﻡﺜѧﻞ اﻟﻤﺼѧѧﺎﻓﻰ وأﺡѧﻮاض اﻟﺘﺮﺳѧѧﻴﺐ 
ﻡﺪﺑﻐﺔ أﻓﺮوﺗﺎن ﻓﻰ اﻟﺒﺎﻗﻴﺮ ُﺗﻌﺘﺒﺮ ﻡﻦ اﻓﻀﻞ اﻟﻤѧﺪاﺑﻎ . دورﻳﺂ ، و ﻻ ﺗﻮﺟﺪ ﻡﻌﺎﻟﺠﻪ ﻟﻠﻜﺮوم أو اﻟﻜﺒﺮﻳﺘﻴﺪ ﻥﻬﺎﺋﻴﺂ 
  . ﻡﻌﺎﻟﺠﺔ ﻟﻤﺨﻠﻔﺎﺗﻬﺎ ﺡﻴﺚ ﺑﻬﺎ وﺡﺪة ﻡﻌﺎﻟﺠﻪ أﻓﻀﻞ ﻡﻦ ﻏﻴﺮهﺎ
  :          ﺗﻢ ﺗﺼﻤﻴﻢ وﺡﺪة ﻡﻌﺎﻟﺠﻪ اوﻟﻴﻪ ﻟﻤﺪﺑﻐﺔ هﺒﻪ ﺗﺎن آﻸﺗﻰ
  .ﻠﻴﻞ اﻟﻤﻮاد اﻟﺼﻠﺒﻪ اﻟﻌﺎﻟﻘﻪﻟﺘﻘ(: ﻗﻀﺒﺎن)  ﻡﺼﻔﻰ -
  .ﻟﻮﺿﻊ ﻃﻠﻤﺒﺔ اﻟﺮﻓﻊ اﻟﻤﻐﻤﻮرﻩ:  ﺡﻮض رﻓﻊ-
ﻳﻤﻜѧﻦ ﺗﻬﻮﻳѧﺔ اﻟﺤѧﻮض ﻟﺘﻌﺠﻴѧﻞ ﻋﻤﻠﻴѧﺔ . ﻳﻀﺎف هﻴﺪروآﺴﻴﺪ اﻟﻜﺎﻟﺴﻴﻮم:  ﻟﺘﺠﻤﻴﻊ و ﺗﺮﺳﻴﺐ اﻟﻜﺮوم ﺡﻮض -
ﻟﻰأﺡѧﻮاض ﺗﺠﻔﻴѧﻒ ءﺗﺴﺘﻌﻤﻞ ﻃﻠﻤﺒﻪ ﺳﺤﺐ ﻡﺘﺤﺮآﻪ ﻟﻨﻘﻞ ﺡﻤﺄة اﻟﻜﺮوم اﻟﻤﺘﺮﺳﺒﻪ ﻓѧﻰ اﻟﺤѧﻮض ا .  اﻟﺘﺮﺳﻴﺐ
  .  ﻓﻲ هﺬﻩ اﻟﻤﺮﺡﻠﺔ  DOC و  DOB ﻠﻴﻞ  ﻳﺘﻢ ﺗﻘ.  ﺡﻤﺄة اﻟﻜﺮوم
ﺗﺠﻤѧѧѧﻊ ﻓﻴѧѧѧﻪ آѧѧѧﻞ ﻡﻴѧѧѧﺎﻩ اﻟﻔﻀѧѧѧﻼت اﻟﺴѧѧѧﺎﺋﻠﺔ ﻟﻤﻌﺎدﻟѧѧѧﺔ ﺗﺮآﻴѧѧѧﺰ أﻳѧѧѧﻮن :  ﺡѧѧѧﻮض ﻡﻌﺎدﻟѧѧѧﺔ وأآﺴѧѧѧﺪة اﻟﻜﺒﺮﻳﺘﻴѧѧѧﺪ -
ﻳѧﺘﻢ ﺗﻘﻠﻴѧﻞ .  ﺗﺴﺘﺨﺪم ﻡﻀﺨﺔ هﻮاﺋﻴﺔ وﻥﻈﺎم ﻟﺘﻮزﻳﻊ اﻟﻬﻮاء ﻟﺘﻬﻮﻳﺔ اﻟﺤﻮض وأآﺴﺪة اﻟﻜﺒﺮﻳﺘﻴѧﺪ . اﻟﻬﻴﺪروﺟﻴﻦ 
  . ﻓﻲ هﺬﻩ اﻟﻤﺮﺡﻠﺔ DOC و  DOB 
ﻳﻤﻜѧﻦ إﺿѧﺎﻓﺔ آﺒﺮﻳﺘѧﺎت اﻟﻤﻨﺠﻨﻴѧﺰ أو آﻠﻮرﻳѧﺪ اﻟﺤﺪﻳѧﺪ أو اﻟﺒѧﻮﻟﻴﻤﺮ ﻗﺒѧﻞ : ﻮاد اﻟﻜﻴﻤﻴﺎﺋﻴﺔ  ﺡﻮض ﻹﺿﺎﻓﺔ اﻟﻤ -
  .ﺡﻮض اﻟﺘﺮﺳﻴﺐ ﻡﺒﺎﺷﺮة ﻟﺘﻌﺠﻴﻞ ﻋﻤﻠﻴﺔ اﻟﺘﺮﺳﻴﺐ
 DOB آﻤѧﺎ ﻳﻘѧﻞ اﻟѧـ  ﻟﻘѧﺔ ﺎ اﻟﻌﺗѧﺰال آѧﻞ ﻡѧﺎ ﺗﺒﻘѧﻲ ﻡѧﻦ اﻟﻤѧﻮاد :  dnumtroD ﺡﻮض اﻟﺘﺮﺳﻴﺐ ﻡﻦ ﻥѧﻮع -
ﻩ ﻟﻨﻘѧﺎ اﻟﻤѧﻮاد اﻟﻤﺘﺮﺳѧﺒﺔ ﻡѧﻦ ﻗѧﺎع اﻟﺤѧﻮض ﺗﺴﺘﺨﺪم ﻃﻠﻤﺒﺔ اﻟﺴѧﺤﺐ اﻟﻤﺘﺤﺮآѧﺔ اﻟﻤѧﺬآﻮرة أﻋѧﻼ .  ﺑﻨﺴﺒﺔ آﺒﻴﺮة 
  .إﻟﻲ أﺡﻮاض ﺗﺠﻔﻴﻒ اﻟﺤﻤﺄة
ﻳﻤﻜﻦ إﻋﺎدة إﺳﺘﺨﺪام اﻟﻜﺮوم ﺑﻌﺪ اﻟﺘﺠﻔﻴﻒ وذﻟѧﻚ ﻳﺘﻄﻠѧﺐ أﺟﻬѧﺰة وأﺟѧﺰاء :  أﺡﻮاض ﺗﺠﻔﻴﻒ ﺡﻤﺄة اﻟﻜﺮوم -
  .إﺿﺎﻓﻴﺔ ﻟﻮﺡﺪة اﻟﻤﻌﺎﻟﺠﺔ 
  .ﻬﺎﻳﺘﻢ ﺗﺠﻔﻴﻒ اﻟﺤﻤﺄة ﻹزاﻟﺔ اﻟﺮاﺋﺤﺔ وﺗﻘﻠﻴﻞ اﻟﺤﺠﻢ ﺗﻮﻃﺌﺔ ﻟﺤﺮﻗ:  أﺡﻮاض ﺗﺠﻔﻴﻒ اﻟﺤﻤﺄةاﻷﺥﺮي-
 
         إﻥﺸѧﺎء وﺡѧﺪات اﻟﻤﻌﺎﻟﺠѧﻪ اﻷوﻟﻴѧﻪ ﻳﺘﻄﻠѧﺐ دﻓѧﻊ ﻡﺒѧﺎﻟﻎ ﻃﺎﺋﻠѧﺔ  ﻡѧﻦ اﻟﻤѧﺎل و ﻟﻜѧﻦ ﺗﻤѧﺖ ﻡﺮاﻋѧﺎت هѧﺬﻩ 
اﻟﻤﺸﻜﻠﺔ ﻓﻰ هﺬا اﻟﺘﺼﻤﻴﻢ  ﻟﺘﺸﺠﻴﻊ ﻡﺎﻟﻚ اﻟﻤﺼﻨﻊ و اﻟﺠﻬﺎت اﻟﻤﺨﺘﺼﺔ ﻟﺘﻨﻔﻴﺬ ﻡﺜﻞ هﺬﻩ اﻟﺸѧﺎرﻳﻊ اﻟﻤﻬﻤѧﺔ ﻡѧﻦ 
 أﻟѧﻒ ٠٦ ﻡѧﺎ ﻳﻌѧﺎدل  ، اﻧﻰ ﻣﻠﻴﻮن دﻱﻨﺎر ﺳﻮد ٦١ﺗﻜﻠﻒ ﻡﺜﻞ هﺬﻩ اﻟﻮﺡﺪة ﺡﻮاﻟﻰ . اﺟﻞ ﺑﻴﺌﺔ ﺹﺤﻴﺔ و ﻥﻈﻴﻔﺔ 
،   ﻟﺴﺒﻊ ﻡﺪاﺑﻎ ﻓﻰ أﻥﺤﺎء أﻓﺮﻳﻘﻴﺎ  ODINU ﺗﻤﺖ ﻡﻘﺎرﻥﺔ هﺬا اﻟﺘﺼﻤﻴﻢ ﺑﺘﺼﺎﻡﻴﻢ أﻋﺪﺗﻬﺎ ال . دوﻻر أﻣﺮﻱﻜﻰ
 ﻦﻴѧѧﺑ ﺎѧѧﻡ ﻎﺑاﺪѧѧﻤﻟا ﻩﺬѧѧﻬﻟ ﺔѧѧﺠﻟﺎﻌﻤﻟا تاﺪѧѧﺡو ﺖѧѧﻔﻠآ١٠٠ و ﻒѧѧﻟأ ٢٥٠ﻰѧѧﻜﻳﺮﻡأ رﻻود ﻒѧѧﻟأ . ﺪѧѧﻌﺗ ﻎﻟﺎѧѧﺒﻤﻟا ةﺬѧѧه
ﻟا ثﻮѧѧѧѧѧѧѧѧѧﻠﺘﻟا ﺔѧѧѧѧѧѧѧѧѧﻴﻤآ ﻊѧѧѧѧѧѧѧѧѧﻡ ﺔѧѧѧѧѧѧѧѧѧﻥرﺎﻘﻡ ﺁﺪѧѧѧѧѧѧѧѧѧﺟ ﺔﻠﻴﺌѧѧѧѧѧѧѧѧѧﺿﻥﺎѧѧѧѧѧѧѧѧѧﺼﻤﻟا ةﺬѧѧѧѧѧѧѧѧѧه ﻦѧѧѧѧѧѧѧѧѧﻡ ﺞﺘѧѧѧѧѧѧѧѧѧﻨﺗ ﻰѧѧѧѧѧѧѧѧѧﺘﻊ. 
                                                                             
          
 
1 INTRODUCTION (1) 
       A water-work is created or expanded to supply a sufficient volume of 
water at adequate pressure from the supply source to consumers for domestic, 
irrigation, industrial, fire-fighting, and sanitary purposes. The total water 
supply of a city is usually distributed among the following four major classes 
of consumers: domestic, industrial, commercial, and public. 
       Industrial uses of water are diverse but consist mainly of heat exchange, 
cooling, and cleaning. No direct relationship exists between the amount of 
industrial water used and the population of the community, but 20 to 50% of 
the total quantity of water used per capita per day is normally charged to 
industrial usage. Usually the larger-sized cities have a high degree of 
industrialization and show a correspondingly greater percentage of total 
consumption as industrial water.  
 
1.1 Wastewater:
 (1)    
       Every community produces both liquid and solid wastes. The liquid 
portion-wastewater- is essentially the water supply of the community after it 
has been fouled by a variety of uses. From the standpoint of sources of 
generation, wastewater may be defined as a combination of the liquid- or 
water-carried wastes removed from residences, institutions, and commercial 
and industrial establishments, together with such groundwater, surface water, 
and stormwater as may be present. 
The ultimate goal – wastewater management – is the protection of the 
environment in a manner commensurate with public health, economic, social, 
and political concerns.  
 
1.1.1 Environmental Impacts of Wastewater: (2) 
        Wastewater is a portion of water contaminated with pollutants, various in 
nature and characteristics. Untreated wastewater has a bad impact on the 
environment such as: 
1- The accumulation of the wastewater may lead to organic material 
decomposition, which produces large amounts of malodors gases. 
2- Wastewater contains numerous pathogenic or disease causing 
microorganisms that live in human intestinal tract or may be present in 
certain industrial wastes. 
3- Wastewater may contain nutrients, which stimulate the growth of 
aquatic plants on the surface of water bodies. 
4- Toxic compounds found in the wastewater may affect the human health 
and terrain life. 
5- The final disposal of treated or untreated wastewater on water bodies or 
on land may deteriorate the water quality on surface ground water 
resources.  
 
1.2 Industrial Wastes: (3) 
       Industry as an essential activity leads to progress and development in 
countries and provide valuable services to their societies but the improper 
management of the industry causes several problems such as producing non-
confirmed products and polluting the surrounding environment with 
hazardous wastes. 
 
      Since the year 1950 there is an increasing interest in the disposal and 
treatment of industrial wastes on the part of the public, industrialists, sanitary 
engineers and others. 
          Industries whose wastes cause difficulties are numerous and increasing in 
number and size. In many communities the industrial wastes, both in volume 
and in population demand, greatly exceed the municipal wastes. 
          The attitude of most industrialists towards the purity of streams is that of 
helpful cooperation. 
          Before attempting to solve the problem by mechanical, chemical, or 
biological means the industrial problem must be examined to determine 
whether materials have been used to the best advantage, whether yields are in 
accordance with theory, and whether all the by-products that are usable have 
been recovered. The next step should be the study of the polluting strength, 
the characteristics, and the quantity of the waste produced by the industry; the 
assimilation capacity of the stream for waste, untreated and treated to various 
degrees; practicable processes of treatment; and the cost of the construction 
and of operation. 
       The discharge of industrial wastes into public streams creates economic 
problems; deterioration of sewer structures, increased maintenance costs, 
additional problems in sewage treatment, and possibly increased stream 
pollution. Coburn points to some of the effects on treatment plants of high 
temperatures, soluble oils, increased or excessive solids or grease, hair and 
wool, gasoline and other explosives, mineral acids, dyes and coloring matters, 
organic wastes and toxic substances. (3)  
       In Sudan, the Industrial Area of Khartoum North (IAKN) is considered as 
one of the biggest industrial areas. It comprises many different types of 
industries, like: oil, soap, batteries, textiles, pharmaceuticals, fizzy drinks, 
sweet and biscuits industries…etc. 
In 1959 a sewerage network for the (IAKN) was constructed. Another one 
was supposed to be done for the residential part of Khartoum North, but this 
did not happen until the year 2001 where a Kuwaitian company designed 
another network and the construction will start in the very near future. 
These two networks were supposed to flow together and to be treated in Wad 
Aldeefaia'a treatment plant at Al Hag Yousif area. The residential part was to 
help in diluting the industrial waste and therefore an easier treatment. Since it 
was not constructed, the industrial network acts as conduits until the 
wastewater reaches the treatment plant where only EVAPORATION takes 
place as a treatment process. These evaporation ponds cause real problems to 
the near residential areas and the environment. 
All these factories must have pretreatment units, according to the type of 
industry, before their wastewater enters the network. 
Some of these factories are equipped with some pretreatment facilities, others 
do not. The untreated wastewater has caused many serious problems and 
damage to the sewerage system in (IAKN). Repairing and rectification of the 
system cannot be achieved. (4)  
 
1.2.1 Environmental Impacts of Industrial Wastewater: (2) 
       Industrial wastewater is a major problem causing growing concern to 
public health authorities because the highly polluted wastewater when directly 
discharged into municipal sewers or into water bodies cause the following 
impacts: 
1. Have damaging effect on sewers. 
2. Overload sewage treatment works. 
3. Chemicals cause toxicity to fish and other aquatic life. 
4. Affect the chemical constituents in stream water. 
5. Affect the pH of stream. 
6. Affect the soil when disposed on lands and may pollute the 
groundwater by seepage of wastewater to groundwater aquifers.  
       
1.3 Tanning: (5) 
       Tanning is the process by which animal hides are converted into leather. 
The hides, after removal of flesh and fat, are treated with chemicals, which 
cross-link the microscopic collagen fibers to form a stable durable material. 
The chemicals used may be derived from traditional vegetable products, or be 
specially prepared by chemical suppliers. 
After tanning, the hides will usually be further processed according to 
their intended end use. This will consist of trimming, dying, buffing, and 
surface coating. 
There is no single process for producing leather. Depending on the 
circumstances prevailing, different options for unit operations will be used. 
Accordingly, different wastes will be produced, and different possibilities will 
exist for reuse or for conversion of residues. 
Some of the wastes will arise from surplus, spent or washed-out 
chemicals used in the process. Some chemical constituents may be toxic, 
while others are powerful pollutants in water and on soil. The release of 
volatile sulphides gives rise to obnoxious (and toxic) odors. Certain solvent 
vapors can have adverse health effects after prolonged exposure. 
There will also be animal residues from such operations as cleaning, 
scraping, splitting and trimming. Each of these generates waste products, 
which must be disposed of or re-used. Solid waste products of animal origin 
are powerful pollutants in water, and are also highly odorous when they 
decompose in their solid forms. (5)  
 
1.3.1 Tanneries and The Environment :( 5) 
       Tanning and its associated operations can be a source of considerable 
environmental impact. Air and water pollution, widespread odors, poisoning 
from toxic gas, and unsafe disposal of waste are among the problems that have 
been experienced to a greater or lesser extent in the industry. The increased 
used of chemicals in various processes leads to additional problems such as 
occupational safety, creation of hazardous waste, and difficulties with disposal 
of treatment sludge. Many of these impacts are on the health and safety of 
individual workers. 
 
1.3.2 Environmental Impacts of Tanneries :(5)                
 1  - Water pollution from uncontrolled storm drainage 
 2  -Water pollution from effluent and wastewater  
 3  -Water pollution from spills and accidents  
 4  -Groundwater pollution from pits, lagoons, holding tanks 
 5  -Groundwater pollution from effluent disposal to land  
 6  -Groundwater pollution from waste dumps 
 7  -Impact to sewage treatment system 
 8  -Impact to sewers and drain 
 9  -Soil pollution from effluent and wastewater 
10 -Soil pollution from sludges and residues 
11 -Contamination of land from spills 
12 -Odors and nuisance from decomposing wastes and chemicals 
13 -Toxic gas emission from chemicals, wastes and effluents 
14 -Industrial hazards from chemicals-contact, fumes 
15 -Hazards from treated hides (handling, effluent) 
16 -Public hazards of waste dumps-chemicals, wastes, containers  
17 -Noise, smoke, dust 
18 -Water consumption 
19 -Storage safety of chemicals 
20 -Energy consumption 
21 -Transport of chemicals, wastes and general materials 
22 -Use of land which is ecologically valuable           
 
 
 
 
 
 
1.4 Scope of Work: 
       This project will focus on the problems of the IAKN. Visits to the IAKN 
will be done to know the types of industries present and selecting some of 
them for a closer study. Five different types of industries will be chosen 
(pharmaceuticals, soap & oil, textiles, food, and tanneries). Visits and 
interviews of personnel will show the industrial processes, chemicals used, 
type of effluent, and the pretreatment unit plants available. Samples of the 
wastewater will be taken for laboratory analysis to find the degree of pollution 
present. Parameters tested or analyzed are: pH, BOD, COD, SS, TDS, Oil & 
Grease, Cr, Sulfides. These will be compared with the “Industrial Local 
Order of 1971 for Khartoum North”, and other orders. The type of industry 
that will show the worst condition will be selected for a design proposal for a 
pretreatment unit plant so that the wastewater can safely join the public 
sewers. 
 
1.5 Objectives: 
       The general objective of this proposal is to assess and evaluate the 
damage pertinent to the IAKN and to recommend possible solutions. Some of 
these problems are:    
o       Problems of flooding and odors from cracks in the network, due to 
blockage or clotting of oil, soap, grease, dyes, oil from Bahri Power 
station…etc. 
o Damages of manholes: gases such as H2S evaporate from the 
wastewater in the manhole corroding the concrete around the steel bars. 
o Problems done by industrialists themselves: no proper units of 
pretreatment processes are present inside their factories and therefore no 
mechanical, chemical, and biological treatment is done, thus blockage and 
flooding takes place inside and outside the factory. Instead of solving the 
problem they just call for pumping cars to pump out the wastewater, they just 
keep on doing this in very short intervals. 
o Problems caused by sewerage-concerned authorities: no periodical 
inspection committees go and ensure safe treatment and disposal of the 
industrial wastewater. 
       The specific objective of this project is to solve the big problems of tanneries 
effluents and trying to find the best design option for the treatment of their toxic 
wastes so that they can safely join the public sewers.       
        
2 LITERATURE REVIEW    
2.1 Wastewater treatment Objectives And Regulations: (1) 
       Methods of wastewater treatment were first developed in response to the 
concern for public health and the adverse conditions caused by the discharge 
of the wastewater to the environment. Also important, as cities became larger, 
was the limited availability of land required for wastewater treatment and 
disposal, principally by irrigation and intermittent filtration, methods 
commonly used in the early 1900s. The purpose of developing other methods 
of treatment was to accelerate the forces of nature under controlled conditions 
in treatment facilities of comparatively smaller size. 
       In general, from about 1900 to the early 1970s, treatment objectives were 
concerned with: 
(1) The removal suspended and floatable material, 
(2) The treatment of biodegradable organics, 
(3) The elimination of pathogenic organisms. (1) 
       Since 1980, because of increased scientific knowledge and expanded 
information base, wastewater treatment has begun to focus on the health 
concerns related to toxic and potentially toxic chemicals released to the 
environment. The water-quality improvement objectives of the 1970s have 
continued, but the emphasis has shifted to definition and removal of toxic and 
trace compounds that may cause long-term health effects. As a consequence, 
while the early treatment objectives remain valid today, the required degree of 
treatment has increased significantly, and the additional treatment objectives 
and goals have been added. The removal of toxic compounds, such as 
refractory organics and heavy metals, are examples of additional treatment 
objectives that are being considered. Therefore, treatment objectives must go 
hand-in-hand with the water quality objectives or standards established by the 
federal, state, and regional regulatory authorities. (6) 
 
2.2 Pollution: (7) 
       An undesired change in the physical, chemical, or biological 
characteristics of the natural environment, brought about by mans’ activities. 
It may be harmful to human or nonhuman life. Pollution may affect the soil, 
rivers, seas, or the atmosphere (air pollution). There are two main classes of 
pollutants: those that are biodegradable (e.g. sewage), i.e. can be rendered 
harmless by natural processes and need therefore cause no permanent harm if 
adequately dispersed or treated; and those that are nonbiodegradable (e.g. 
heavy metals such as Cr in industrial effluent), which eventually accumulation 
in the environment and may be concentrated in food chains. 
   Pollution and aquatic environment means the interference of man directly 
or indirectly that results in such deleterious effects such as: 
- Harm to living resources 
- Hazards to human health  
- Hindrance to aquatic activities including fishing 
- Impairment of water quality with respect to its use in agricultural, 
industrial and often economical activities and reduction of amenities. (2) 
      
2.2.1 Measures of pollution: (8) 
 1- The biochemical oxygen demand (BOD) determination is an empirical 
test in which standardized laboratory procedures are used to determine the 
relative oxygen requirements of wastewater, effluents, and polluted waters. 
The test has its widest application in measuring waste loadings to treatment 
plants and in evaluating the BOD-removal efficiency of such treatment 
systems. The test measures the oxygen utilized during a specified incubation 
period for the biochemical degradation of organic material (carbonaceous 
demand) and the oxygen used to oxidize inorganic material such as sulfides 
and ferrous iron. It also may measure the oxygen used to oxidize reduced 
forms of nitrogen (nitrogenous demand) unless an inhibitor prevents their 
oxidation. The seeding and dilution procedures provide an estimate of the 
BOD at pH 6.5 to 7.5. 
 
2- The chemical oxygen demand (COD) is used as a measure of the oxygen 
equivalent of the organic matter content of a sample that is susceptible to 
oxidation by a strong chemical oxidant. For samples from a specific source, 
COD can be related empirically to BOD, organic carbon, or organic matter. 
The test is useful for monitoring and control after correlation has been 
established. The dichromate reflux method is preferred over procedures using 
other oxidants because of superior oxidizing ability, applicability to a wide 
variety of samples, and ease of manipulation. Oxidation of most organic 
compounds is 95 to 100% of the theoretical value. Pyridine and related 
compounds resist oxidation and volatile organic compounds are oxidized only 
to the extent that they remain in contact with the oxidant. Ammonia, present 
either in the waste or liberated from nitrogen-containing organic matter, is not 
oxidized in the absence of significant concentration of free chloride ions. 
         The open reflux method is suitable for a wide range of wastes where a 
large sample size is preferred. 
 
3- Solids refer to matter suspended or dissolved in water and wastewater. 
Solids may affect water or effluent quality adversely in a number of ways. 
Solids analyses are important in the control of biological and physical 
wastewater treatment processes and for assessing compliance with regulatory 
agency wastewater effluent limitations. 
        “Total solids” is the term applied to the material residue left in the vessel 
after evaporation of a sample and its subsequent drying in an oven at a defined 
temperature. Total solids include “total suspended solids,” the portion of total 
solids retained by a filter, and “total dissolved solids,” the portion that passes 
through the filter. 
          The type of filter holder, the pore size, porosity, area, and thickness of 
the filter and the physical nature, particle size, and amount of material 
deposited on the filter are the principal factors affecting separation of 
suspended from dissolved solids. 
          “Fixed solids” is the term applied to the residue of total, suspended, and 
dissolved solids after ignition for a specific time at a specific temperature. The 
weight loss on ignition is called “volatile solids.” Determinations of fixed and 
volatile solids do not distinguish precisely between inorganic and organic 
matter because the loss on ignition is not confined to organic matter. It 
includes losses due to decomposition or volatilization of some mineral salts. 
          “Settleable solids” is the term applied to the material settling out of 
suspension within a defined period. 
  
4- Sulfide often is present in groundwater, especially on hot springs. It is 
common present in wastewater comes partly from the decomposition of 
organic matter, sometimes from industrial wastes, but mostly from the 
bacterial reduction of sulfate. H2S escaping into the air from sulfide-
containing wastewater causes odor nuisances. 
       The threshold odor concentration of H2S in clean water is between 0.025 
and 0.25 microgram/lit. H2S is very toxic and has claimed the lives of 
numerous workers in sewers. It attacks metals directly and indirectly has 
caused serious corrosion of concrete sewers because it is oxidized biologically 
to H2SO4 on the pipe walls. 
 
5- Chromium salts are used extensively in industrial processes and may enter 
a water supply through the discharge of wastes. Chromate compounds 
frequently are added to cooling water for corrosion control. Chromium may 
exist in water supplies in both the hexavalent and the trivalent state although 
the trivalent form rarely occurs in potable water. 
 
 
  
 
2.2.2 Wastewater or Pollution Sources: (2) 
       Polluted water, which is termed as “wastewater” has various sources 
depending on the activities such as: municipal sewage, treatment plants, 
industrial facilities, combined sewers, agricultural runoff, urban runoff, 
construction runoff, septic tank systems, mining runoff, land fill spills, 
silvicultural runoff, etc. 
 
 Wastewater may be grouped into four groups: (6) 
Class 1- Effluents that are nontoxic and not directly polluting but liable to 
disturb the physical nature of the receiving water; they can be improved by 
physical means. They include such effluents as cooling water from power 
plants. 
Class 2- Effluents that are nontoxic but polluting because they have an 
organic content with high oxygen demand. They can be treated for the 
removal of objectionable characteristics by biological methods. The main 
constituent of this class of effluent usually is domestic sewage. But the class 
also includes storm water and wastes from dairy product plants and other 
food factories. 
Class 3- Effluents that contain poisonous materials and therefore often toxic. 
They can be treated by chemical methods. When they occur, such effluents 
generally included in industrial wastes, for example, those from metal 
finishing. 
Class 4- Effluents that are polluting because of organic content with high 
oxygen demand and, in addition, are toxic. Their treatment requires a 
combination of chemical, physical, and biological processes. When such 
effluents occur, they are generally included in industrial wastes, for example, 
those from tanning. 
 
2.3 Classification of Wastewater Treatment Methods: (1) 
       After treatment objectives have been established for a specific project, the 
degree of treatment can be determined by comparing the influent wastewater 
characteristics to the required effluent wastewater characteristics. A number of 
different treatment and disposal or reuse alternatives are then developed and 
evaluated, and the best alternative is selected. 
       The contaminations in wastewater are removed by physical, chemical and 
biological means. The individual methods usually are classified as physical 
unit operations, chemical unit processes, and biological unit processes. These 
operations and processes occur in a variety of combinations in treatment 
systems. 
 
2.3.1 Physical Unit Operations 
       Treatment methods in which the application of physical forces 
predominates are known as physical unit operations. Because most of these 
methods evolved directly from man’s first observations of nature, they were 
the first to be used for wastewater treatment. Screening, mixing, flocculation, 
sedimentation, flotation, filtration, and gas transfer are typical unit operations. 
 
2.3.2 Chemical Unit Processes 
       Treatment methods in which the removal or conversion of contaminants 
is brought about by the addition of chemicals or by other chemical reactions 
are known as chemical unit processes. Precipitation, adsorption, and 
disinfection are the most common examples used in wastewater treatment. In 
chemical precipitation, treatment is accomplished by producing a chemical 
precipitate that will settle. In most cases, the settled precipitate will contain 
both the constituents that may have reacted with the added chemicals and the 
constituents that were swept out of the wastewater as the precipitate settled. 
Adsorption involves the removal of specific compounds from the wastewater 
on the solid surface using the forces of attraction between the bodies.  
 
2.3.3 Biological Unit Processes 
       Treatment methods in which the removal of contaminants is brought 
about by biological activity are known as biological unit processes. Biological 
treatment is used primarily to remove the biodegradable organic substances 
(colloidal and dissolved) in wastewater. Basically, these substances are 
converted into gases that can escape to the atmosphere and into biological cell 
tissue that can be removed by settling. Biological treatment is also used to 
remove nutrients (nitrogen and phosphorus) in the wastewater. With proper 
environmental control, wastewater can be treated biologically in most cases.  
 
2.4 Application of Treatment Methods   (1) 
       Historically, the term “preliminary” and/or “primary” referred to physical 
unit operations; “secondary” referred to chemical and biological unit 
processes; and “advanced” or “tertiary” referred to combinations of all three.  
2.4.1 Preliminary Wastewater Treatment 
       Preliminary wastewater treatment is defined as the removal of wastewater 
constituents that may cause maintenance or operational problems with the 
treatment operations, processes, and ancillary systems. Examples of 
preliminary operations are screening and comminution for the removal of 
debris and rags, grit removal for the elimination of coarse suspended matter 
that may cause wear or clogging of equipment, and flotation for the removal 
of large quantities of oil and grease. Preliminary treatment is distinguished 
from industrial pretreatment, where constituents are treated at their source 
before discharge to the sewer system.    
        
2.4.2 Primary Wastewater Treatment 
       In primary treatment, a portion of the suspended solids and organic matter 
is removed from the wastewater. This removal is usually accomplished with 
physical operations such as screening and sedimentation. The effluent from 
primary treatment will ordinarily contain considerable organic matter and will 
have a relatively high BOD. Treatment plants using only primary treatment 
will be phased out in the future as implementation of the secondary treatment 
requirements is completed. Only in rare instances will primary treatment be 
used as the sole method of treatment. The principal function of primary 
treatment will continue to be as a precursor to secondary treatment. 
 
2.4.3 Conventional Secondary Wastewater Treatment   
       Secondary treatment is directed principally toward the removal of 
biodegradable organics and suspended solids. Disinfection is included in the 
definition of the conventional secondary treatment. Conventional secondary 
treatment is defined as the combination of processes customarily used for the 
removal of these constituents and includes biological treatment by activated 
sludge, fixed-film reactors, or lagoon system and sedimentation. 
 
2.4.4 Advanced Wastewater Treatment 
       Advanced wastewater treatment is defined as the level of treatment 
required beyond conventional secondary treatment to remove constituents of 
concern including nutrients, toxic compounds, and increased amounts of 
organic material and suspended solids. In addition to the nutrient removal 
processes, unit operations or processes frequently employed in advanced 
wastewater treatment are chemical coagulation, flocculation, and 
sedimentation followed by filtration and activated carbon. Advanced 
wastewater treatment is also used in a variety of reuse applications where a 
high quality of water is required such as for industrial cooling water and 
underground recharge.  
 
2.4.5 Toxic Waste Treatment  
       For industrial waste discharges to municipal collection and treatment 
systems, the concentrations of toxic pollutants are usually controlled by 
pretreatment prior to discharge to the municipal system. In some cases, 
removal of toxic substances is done at the municipal treatment facilities. Many 
toxic substances such as heavy metals are reduced by some form of chemical-
physical treatment such as chemical coagulation, flocculation, sedimentation, 
and filtration. Some degree of removal is also accomplished by conventional 
secondary treatment. 
  
2.5 Importance of Wastewater Treatment: (6) 
      Health agencies and environmental authorities have given great concern to 
the wastewater treatment, for its harmful impact on the environment elements. 
       Integrated environmental management and integrated pollution control 
both share the same objectives to break down the barriers between the various 
sectors of the environmental administration and to view the   environment in 
its totality. 
       Integrated pollution control is targeted at improving the control of 
industrial processes in order to minimize the release of harmful substances to 
the environment. Integrated environmental management goes far and 
addresses the activities of society as a whole. 
       Reclaimed wastewater is also considered as a new resource of water to 
use in various purposes of water usage, depending on the treatment method 
applied and the quality of water needed. 
       Wastewater treatment is applied for: 
- The destruction of causative agent of water related diseases. 
- The conversion of the wastewater into directly re-usable resources so as 
to conserve both water resources and its’ nutrients. 
 
2.5.1 Impacts of Toxic and Inhibitory Pollutants (1)   
       Heavy metals and nonmetallic wastes, including organic compounds, may 
enter to the wastewater system and have an inhibitory or toxic effect upon the 
treatment system, particularly biological treatment processes. Heavy metals, 
such as copper, zinc, nickel, lead, cadmium, and chromium, can react with the 
microbial enzymes to retard or completely inhibit metabolism. Heavy metals 
present as precipitates may be solubilized by a change in pH, causing a 
decrease in biological process efficiency. Nonmetallic wastes above specific 
concentrations can also cause a temporary loss in biological process efficiency 
if sufficient acclimatization is not provided. All these materials will have to be 
removed at their source or at the treatment plant by appropriate pretreatment. 
 
    
 
 
Table (2.1): Pollutants of wastewater and the suggested treatment for them. 
(source: Metcalf & Eddy) 
Pollutants Suggested treatment Types of process 
 
 
 
 
Suspended solids 
 
Screening 
Sedimentation 
Grit removal 
Filtration 
Flotation 
 
 
 
 
Physical operation 
Coagulation 
Land treatment 
 
 
Nutrients 
 
Stripping 
Ion exchange 
 
 
Physical operation 
Chemical process 
 
 
 
Biodegradable organic 
 
Activated sludge 
Trickling filter 
Lagoons 
Sand filtration 
Land treatment 
 
 
Biological process 
Biological process 
Biological process 
Physical operation 
Natural system 
 
Volatile organic 
 
Stripping 
Adsorption 
 
 
Physical operation 
Chemical process 
 
Pathogens 
 
 
Chlorination 
Disinfection 
 
 
Chemical process 
Chemical process 
 
Heavy metals 
 
Precipitation 
Ion exchange 
 
Chemical process 
Chemical process 
 
Dissolved solids 
Ion exchange 
Reverse osmosis 
Electro-dialysis 
 
Chemical process 
Chemical process 
Chemical process 
2.6 Industry: 
2.6.1 Industrial Water Use: (1) 
       The amount of water supplied by municipal agencies to industries for 
process (nondomestic) purposes is highly variable. Large water-using 
industries such as canneries chemical plants and the refineries usually have 
their own supply and are not dependent on public agencies. Other industries 
such as those involved in high “technology,” which have more modest 
process water requirements, may depend wholly on municipal supplies. 
Because industrial water use varies widely, it is therefore desirable in 
practical design work to inspect the plant concerned and to make careful 
estimates of the quantities of both water used from all sources and the 
wastes produced. 
 
2.6.2 Sources and Rates of Industrial Wastewater Flows: (1) 
       Nondomestic wastewater flowrates from industrial sources vary with the 
type and size of the facility, the degree of water reuse, and the onsite 
treatment methods, if any. Extremely high peak flowrates may be reduced 
by the use of detention tanks and equalization basins. For industries without 
internal recycling or reuse programs, it can be assumed that about 85 to 
95% of the water used in the various operations and processes will become 
wastewater. For large industries with internal water-reuse programs, 
separate estimates must be made.  
       The types of industries that have approximately large amount of effluent 
discharges are: food, textile, chemicals, petrochemicals, oil refining, 
pharmaceutical, canning, slaughtering, soft drinks, tanning and leather 
industries, etc. 
    
 
2.6.3 Industrial Wastes: (3) 
       These are primarily the specific liquid waste products collected from 
industrial processing but may contain small quantities of domestic sewage. 
Such wastes vary with the process and contain some quantity of the material 
being processed or chemicals used for processing purposes. Industrial cooling 
water when mixed with process water is also called industrial waste. 
       Industrial wastes, as distinguished from domestic wastes, are related 
directly to processing operations and usually are the liquid fraction of 
processing that has no further use in recovery of a product. These wastes may 
contain substances that, when discharged, cause some biological, chemical, or 
physical change in the receiving body of water.   
The combinations of treatment processes common for dealing with industrial 
wastes are summarized as follows: 
    A- Remove sizable suspended solids by screening or settling, 
    B- Remove fats, oils, and greasy solids by flotation and skimming         
procedures, 
    C- Remove colloidal solids by flocculation with chemical coagulants and 
electrolytes, followed by settling and possibly filtration, 
    D- Neutralize excessive acidity or alkalinity by addition of chemicals, 
    E- Remove or stabilize dissolved solids by chemical precipitation, or 
biological processes, or combination of both, 
    F- Decolorize by chemical treatment, with settling or filtration, singly or in 
combination, 
    G- Reoxygenate   the wastes by suitable aeration methods.  
 
       Much if not all the industrial waste load can be reduced at many plants by 
modification of the manufacturing process in such a manner as to recover by-
products: recirculate and reuse water and other liquids otherwise run to waste; 
or treat the wastes during the manufacturing process to reduce its bulk and 
pollution potentialities. Methods and equipment to be selected require 
knowledge of the chemical, biological, mechanical, economic, and other 
features of the manufacturing process, and of the type and possibilities of 
available equipment. 
       Some chemical processes and equipments used in industrial-waste 
recovery and treatment include: absorption, boiling, chemical combination, 
cooking, crushing, crystallization, dilution, dissolving, distillation, drying, 
emulsification, evaporation, extraction, flotation, filtration, grinding, 
humidification, incineration, mixing, precipitation, pressing, separation, 
sifting, and sublimation. 
 
2.6.4 Treatment with municipal waste: (3) 
       The processes ordinarily used for the treatment of municipal sewages may 
be satisfactory for the treatment of most industrial waste that are 
predominantly organic in character, provided the treatment works are 
designed to handle the volume and strength of the additional load imposed by 
the industrial waste. However, all organic waste cannot always be treated 
successfully by municipal sewage-treatment works because of the upsetting of 
the normal flora and fauna in the works by sudden variation in the character of 
the load due to stages in the manufacturing process. Industrial wastes 
containing large concentrations of acids, alkalis, toxic substances, grit, clay, 
and abrasive particles from metallurgical processes, tanning, canning, and 
waste from coal, glass, and ceramic industries, are usually detrimental to 
biological processes on which most municipal sewage-treatment works 
depend. Other industrial waste that may be detrimental when mixed with 
municipal waste are those high in total solids and in suspended solids, 
containing excessive quantities of grease, or burden with appreciable 
quantities of floating materials such as hair, hides, feathers, and entrails. 
Wastes high in total nitrogen may cause downstream troubles from algae. 
       Under favorable conditions undesirable wastes may be treated by the 
industry before discharge into a sewer, in order to avoid difficulties that would 
otherwise be created. 
       Therefore industry needs to adopt improved technologies and operations, 
while the authorities must provide a predictable legislative framework within 
which investment decisions can be taken. Both these sectors require technical 
advice and assistance from planning and service authorities, and from research 
and industry associations.  
 
Table (2.2): Characteristics of Selected Industrial Wastewater. 
                    ( Source: after Lamp).  
  
Industry BOD (mg/lit) SS (mg/lit) PH 
Meat 300 –1000 300 –1000 Neutral 
Milk 200 – 1000 200 - 3000 Acid - Alkaline 
Cheese 1000 1000 Acid - Alkaline 
Malt drink 300 – 1000 200 – 1000 Acid - Neutral 
Wool 300 – 1000 300 –1000 Alkaline 
Cotton 200 – 1000 200 - 300 Alkaline 
Chromium tanning 1000 1000 Acid - Alkaline 
Vegetable tanning 1000 1000 Acid - Alkaline 
Petroleum 200 – 300 200 Acid - Alkaline 
Metal finishing Low 200 – 1000 Acid 
Fruits 200 – 1000 200 – 1000 Neutral 
Mechanical pulp 300 – 1000 300 –1000 Neutral 
Chemical pulp 300 – 1000 200 – 1000 Acid - Alkaline 
 
 
 
 
 
 
 
 
2.6.5 Importance of pretreatment of the industrial wastewater: (6) 
       Pretreatment of industrial wastes is often required to protect the sewers 
and treatment plant maintained by a municipal agency. Treatment of industrial 
wastes to the degree required to protect a receiving body of water is a 
requirement in all states; it may range from neutralization and other simple 
primary treatments to complete treatment or, in some instances, even an 
advanced stage of treatment to remove trace chemicals. 
 
2.6.6 Industrial Waste Treatment: (6) 
       The treatment of industrial waste is highly specialized. Selection of 
treatment processes must be engineered to the peculiar characteristics of a 
process waste. It is desired, whenever possible, to reduce the volume of 
wastewater requiring treatment or to separate wastes requiring intensive 
treatment from those requiring little or no treatment. 
       Treatment of process wastes may require a series of methods selected to 
accomplish certain degree of treatment that would ultimately produce an 
effluent acceptable for discharge to a receiving stream. These methods may 
include, in order: 
- Pretreatment to reduce temperature, neutralize the wastes, and remove 
fibers and other coarse solids by screening. 
- Primary treatment to remove settleable solids. 
- Secondary treatment by biological processes applied to biodegradable 
wastes. 
- Secondary treatment with chemicals for chemical conversion, 
precipitation and removal of solids, and oxidation or reduction of 
substances contained in the waste. 
- Preconditioning or secondary treatment by anaerobic digestion to 
produce a biochemical conversion of substances. 
- Ion exchange, dialysis, reverse osmosis, or evaporation to remove 
inorganic solids or recover chemicals. 
- Chlorination for oxidation or disinfection purposes. 
- Various forms of irrigation, lagooning, or algal oxidation ponds.          
 
 
 
 
 
 
 
 
2.7  Tanning(5) 
2.7.1  MAJOR PROCESS SEQUENCES, CHEMICAL INPUTS AND 
WASTES 
A)  Curing of Hides and Skins: 
   In developing countries animal slaughter take place at rural village 
sites.     
The rate of production of hides and skins is governed partly by seasonal 
conditions. Salt is applied and the skins are then dried. Soaking the skins 
requires large volumes of water. Curing often incorporates treatment with 
insecticides (such as borax, sodium silico-floride) to discourage beetles and 
other insect attack during storage and transport. The later washout of these 
chemicals may cause problems with effluent quality, as few wastewater 
treatment systems are designed to remove such substances. 
Chemicals used: Insecticides such as sodium silico-floride, borax, pyrethum, 
etc. 
B)  Beamhouse: 
At this stage the hides is prepared for tanning by cleaning, conditioning, and 
by ensuring correct moisture content. Typical steps are: 
1-Soaking: this may be carried out in a pit, paddle or drum to rehydrate the 
skin and reverse the cure process. Dirt, blood and dung may also be 
removed. 
Chemicals used: 0.2-2% sodium hydroxide, sulphides, and up to 1 g/lit 
sodium hypochlorite and/or 0.5-2% wetting agents, emulsifiers, 
surfactants and enzyme preparations.  
2-Liming and Unhairing: lime blended with sodium sulphide is traditionally 
used to loosen wool and hair, or dissolve these into a pulp. Additionally the 
process opens the fiber structure and plumps the hide. The duration of the 
process may vary from 18 hrs (drum) to 7 days (pit). This process is 
responsible for the major part of the COD load from a tannery. Limed hides 
are fleshed mechanically removing the adipose tissue from the flesh side of 
the hide. In some cases fleshing is carried out immediately after soaking. 
Hides may then be split in the limed condition, allowing rapid and 
economical subsequent processing. However, as accurate splitting in this 
condition is usually more difficult, splitting is often carried out in the tanned 
condition.      
Chemicals used: 2-10% calcium hydroxide (lime), 1-4% sodium sulphides, 
sodium sulphydrate, and caustic soda. 
3-Delime: the removal of lime from the pelt is necessary to avoid 
interference with the subsequent tanning stage. Thorough washing is 
followed by the application of neutralizing chemicals. Washing traditionally 
requires copious quantities of water, often from a water valve left open for a 
set period.                                                        The acidification of liquids still 
containing sulphides may generate toxic hydrogen sulphide gas. With prior 
treatment using hydrogen peroxide to oxidize the sulphide, this problem can 
be avoided.  
Chemicals used: 0.5-2% acids (sulphuric, hydrochloric, lactic, formic, boric, 
and mixtures), acidic salts, ammonium chloride, and hydrogen peroxide. 
4-Bating: this is an enzymatic process which has a pronounced effect on 
the grain pelt, and on the general run and stretch of subsequent leathers. 
Current enzymatic treatment employs 0.5% bating material for 30 min up to 
12 hrs, replacing the age-old process, which entailed treatment with dog 
dung or pigeon droppings.  
Chemicals used: 50% wood flour or other carrier, 30% deliming agent 
(ammonium chloride), and 1-5% pancreatic enzyme. 
5-Pickling: the final beamhouse operation is the adjustment of the pH of 
pelts, thereby sterilizing the skin, ending the bating action, and improving 
penetration of the subsequent tanning material. 
Chemicals used: 5-10% sodium chloride, 0.6-1.5% acids (sulphuric, 
hydrochloric, acetic, formic, or mixtures).  
6- Degreasing: this results in improved quality of the final leather. Solvent 
degreasing will usually result in greasy residues remaining after solvent 
recovery.  
Solvents used: white spirit, kerosene, and monochlorobenzene. 
C) Tanning: 
       Tanning is the stabilization of the collagen structure of the hides, using 
natural or synthetic chemicals. There is a number of tanning processes that 
can be used alone or in combination with each other. These are: 
7-Chrome Tanning: the majority of leathers today are chrome tanned in 
drums for 24 hrs. 
Chemicals used: 8-12% of pelt weight of chrome tanning salt, and as little as 
5-6% for low chrome processes, 1% sodium bicarbonate, 0.1-0.5% masking 
agent – sodium formate.  
8-Vegetable Tanning: while vegetable tanning has been eclipsed by 
chromium as the major tanning process, it is still employed for sole and 
saddlery and some specialty leather. It may also be used as part of a 
combination process. Duration of the process is from 1 day (drum) to 6 weeks 
(pit). 
Substances used are typically 15 includes commercial tanning extract (bark or 
wood of tree, aqueous extracted), often sulphitated, and then spray dried or 
concentrated.    
a) Syntans, materials used are typically sulphonated products of phenol, 
cresol, and naphthalene.   
b) Alternative Tanning Materials: substances used include aluminum, 
titanium, zirconium salts, cod oil. 
 
D)  Post-Tanning Activity: 
Following tannage, certain mechanical operations may occur in order to level 
the surface of the irregular natural material: 
Sammying, splitting, shaving, trimming. 
These operations yield a combination of solids, squeezed-out water, and 
unfixed tanning chemicals. 
       Post-Tanning Wet Work: 
This involves further processing of the stabilized collagen network and may 
comprise further tannage. Chemicals used: 
-neutralization: mild alkali          
-retan: tanning materials     
-dye: acid, direct, basic or specialty dyestuff 
-fat liquor: vegetables or animal oils, mineral and synthetic oils. 
 
DRYING AND FINISHING  
                       The leathers are sammyed to remove moisture, and then dried. The final finishing process includes mechanical treatment of grain and flesh, 
followed by application of surface finish. The major environmental problem in finishing is undoubtedly air emission of solvents. Some 
aqueous waters may be generated. Solid wastes may arise from trimming and buffing dust. 
 
Table (2.3): pH values of Tanning Processing 
 
Process PH values 
Soaking neutral 5 – 7.5 
Soaking alkaline 9 – 10 
Liming 12.5 
Deliming 7.5 – 8.5 
Pickling 2 – 4 
Chrome tanning 2 – 4.5 
 
 
 
 
 
 
 
 
Table (2.4): Chemicals used in the tanning process (source    –   UNIDO) 
 
Chemicals/Materialsa Heavy 
Leather 
Light 
Leather 
  Kg per 100 kg of raw hides  
General Purpose Chemicals    
Sodium sulphide Na2S 3.0 3.0 
Calcium hydroxide Ca(OH) 2 4.5 4.5 
Hydrochloric acid (con.) HCl 0.3 0.3 
Ammonium sulphate (NH4) 2 SO4 2.0 2.0 
Sodium bisulphate NaHSO3 1.5 1.5 
Sodium chloride NaCl 10.0 10.0 
Calcium formate Ca(COOH) 2  2.0 
Sulphuric acid (con.) 96% H2SO4 4.0 4.0 
Sodium carbonate Na2CO3  2.0 
Sodium sulphite Na2SO3  2.0 
Basic Tanning Materials    
Chrome salts Cr2 (SO4) 3  10.0 
Vegetable tanning materials  12.0 3.0 
Performance Chemicals    
Bates  0.8 0.8 
Bactericides  0.3 0.3 
Syntants   3.0 
Fat liquors   4.0 
  Kg per 100 kg shaved weight 
Dying auxiliaries    3.8 
Dyes   0.6 
Finishes   4.0 
  
a/ Due to the variety of recipes, and changes in fashions, colours, 
etc.., the actual amount of chemicals and tanning materials per unit 
of hide vary within rather wide ranges. The unit values given in the 
table should be considered as illustrative only. 
 
 
 
 
Table (2.5):  Composition of typical untreated combined tannery effluent. 
Units are mg/l unless otherwise indicated  (source    –   UNIDO) 
 
Parameter 
(mg/l) 
Chrome 
Tannage 
 
pH 9  
Total solids 10000  
Total ash 6000  
Suspended solids 2500  
Ash in suspended solids 1000  
Settled solids (2 h) 100  
BOD5 900  
KMnO4 value 1000  
COD (K2Cr2O7) 2500  
Sulphide 160  
Total nitrogen 120  
Ammonia nitrogen 70  
Chrome (Cr) 70  
Chloride (Cl-) 2500  
Sulphate (SO4) 2000  
Phosphorus (P) 1  
Ether extractable 200  
 
Table (2.6):  Solid Waste Generation  
(Source – Department of Environment, UK) 
 
TRIMMINGS 120 
FLESHINGS 70-230 
CHROME SHAVING 99 
CHROME SPLIT WASTES 115 
BUFFING DUST 2 
FINISHED TRIMMINGS 32 
SOLIDS IN TREAMENT 
SLUDGE 
120 
TOTAL 680-868 KG (ASSUMING 75% REMOVAL 
EFFICIENCY 
 
 
2.7.2 TREATMENT TECHNOLOGY (5) 
General Outline of Treatment Needs and Processes: 
       An alternative strategy for reducing the environmental impact of tannery 
operation is end-of-pipe effluent treatment. Naturally the combination of 
cleaner production processes and reduction of water consumption, together 
with treatment of residuals, will be the most effective solution. 
Specific technological choices will fall under the following headings: - 
- Pre-treatment, consisting of: 
Mechanical screening: to remove coarse material. 
- Primary treatment, which includes: 
Sulphide removal from beamhouse effluents; 
Chrome removal from tanning effluents; 
Flow equalization; 
Physical-chemical treatment for BOD removal and neutralization. 
- Secondary treatment, usually biological. 
- Tertiary treatment, including; 
Nitrification and de-nitrification. 
- Sedimentation and sludge handling. 
 
2.7.2.1 Pre-treatment 
Screening: 
       Prior to treatment it is essential to screen all effluent streams to remove 
the large fragments which will otherwise block pipes, pumps and gullies. Such 
screens need regular cleaning and maintenance. 
Mechanical rotating screens that are self-cleaning have worked well within the 
industry. While a pump is required, the material removed is more 
concentrated and easier to handle. Up to 30-40% of total suspended solids in 
the raw stream can be removed by a properly designed rotating screen. 
Although it is useful to employ gravity whenever possible, in majority of 
effluent treatment plants the liquid must be pumped at least once during 
treatment. Even following screening, there will be a significant volume of 
small fragments. It is essential that pumps be designed to handle such material 
on a continuous basis. 
Settling: 
A significant part of the COD load of raw wastewater is due to organic solids. 
A preliminary settling operation can remove up to 30% of this COD, thus 
saving flocculating chemicals (and reducing sludge volume) in subsequent 
treatment. 
 
 
Flow equalization (balancing): 
Equalization promotes some neutralization and mutual precipitation. The 
different liquors therefore need to be well mixed. It is essential that the 
suspended solids do not settle, and that aerobic conditions are maintained. 
This can be achieved by mechanical stirring or by injection air into the lower 
level of the tank via a diffuser. 
Air injection can be particularly useful, as it also encourages flocculation. For 
a tank 2-4 m deep, an optimal airflow of 3-4 m3/hour / m2 of tank is adequate 
in most circumstances. 
 
2.7.2.2 Primary Treatment Technologies 
Primary treatment consists of basic physical-chemical processes to remove the 
major pollutants in raw wastewater, such as BOD/COD, sulphide and chrome. 
Preliminary screening and settling facilitate the treatment process. Subsequent 
sedimentation and sludge removal is essential to separate precipitated 
pollutants from effluent. 
Sulphide liquors: 
As H2S gas is liberated when sulphide liquors become neutralized, sulphide-
bearing liquors should be separated and treated. 
    Direct precipitation: 
Ferrous sulphate and ferric chloride can be used to remove sulphides from 
solution by precipitation. Such treatment also lowers the pH, due to 
precipitation of hydroxides. Addition of iron salts is usually practiced only for 
equalized mixed tannery effluent. A disadvantage of employing iron salts is 
that the coagulated material is dark in color. If not effectively sedimented, this 
gives a poor color to the final effluent. The sludge volume is also high. 
Removal of Chromium: 
The precipitation of chrome is relatively simple. The success of the total 
operation will depend more on the ability to collect the major chrome-bearing 
liquors for treatment. 
The need for specific chrome flow treatment is determined by the disposal 
requirements relating to sludge. If there is a need for the sludge to be chrome-
free, separate chrome flow treatment will isolate the chrome in a small 
sludge/slurry (which may be removed for special controlled disposal, but 
would preferably be reused). The general sludge will be virtually chrome-free. 
To obtain an almost chrome-free supernatant it is suggested that the pH of the 
retan and other chrome-bearing liquors be raised to greater than 8 by the 
addition of lime, followed by addition of aluminum salts (200 ppm Al) and 
anionic polyelectrolyte (to 5 ppm) to give a fast-settling flocculants which 
may be separated out in a sedimentation vessel. The supernatant liquid is then 
passed on for further treatment such as BOD reduction. 
Physical-chemical treatment for BOD and solids removal: 
Relatively simple technology allows the removal of up to 95% of suspended 
solids and around 70% of BOD through physical-chemical treatment. 
Conventional physical-chemical treatment of tanning effluent consists of pre-
treatment and dosing with coagulants and flocculants, followed by 
sedimentation and sludge handling and disposal. Coagulation is easily 
achieved with aluminum sulphate or ferrous sulphate, both of which are 
cheap, readily available and effective. 
Ferrous sulphate has the advantage of also removing sulphides, but it causes 
coloration of both liquor and sludge. 
Optimum dosages and pH conditioners are usually found through on-site 
experimentation, which is governed by the effluent characteristics, equipment 
available, clarification level expected, and flocculent (if employed). 
Drying beds are useful for small tanneries in rural locations. They require only 
low capital, but are labor intensive, as they must usually be manually emptied 
when the material has dried. Sludge may be shoveled when the solids content 
is around 25-30%, at which point the cake may be removed for disposal or for 
agricultural use if chrome-free. Odor can be minimized by sprinkling the 
surface with hydrated lime. The layer of sand in the base of the bed, usually 
removed together with the sludge cake, must be replaced. 
Drying beds are normally constructed of layers of filter media such as gravel 
and sand. Agricultural drainage pipes at the base collect liquid effluent. This is 
recycled to the equalization tank for further processing. 
A daily production of 30 m3 sludge slurry may be spread on drying beds to a 
depth of 0.5 m, requiring 60 m2 bed/day. A convenient bed size is 14 m by 5 
m. 
The drying period may vary from two to four weeks, depending on local 
conditions and degree of chemical conditioning received. 
Best Treatment Options 
The best treatment option under any given circumstances depends on both 
technical and economic factors. 
 
 
 
 
 
 
 
Table (2.7): Best practicable control technology currently available  
(source-US EPA) 
                   
Recycle of chrome and vegetable tanning solutions 
Fine screening 
Sulphide oxidation 
Chrome removal 
Equalization 
Coagulation and primary settling 
Aeration and secondary settling 
Sludge handling and disposal 
                  
Table (2.8): Best control technology economically available  
(source  - US EPA)      
                  
Recycle of chrome and vegetable tanning solutions  
Fine screening 
Sulphide oxidation 
Chrome removal 
Equalization 
Aeration (biological treatment) and clarification 
Aeration to nitrify organic and ammonia nitrogen 
Filtration (e.g. deep-be, mixed-media filters) 
Sludge handling and disposal 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.8  Industrial processes for the following type of industries: (9) 
1-Food Industry (Tahnia), Military Forces Factory. 
2-Textiles, Sudanese Dyers Co. Ltd. 
3-Pharmaceuticals, Amipharma. 
4-Soaps and Oils, Soap and Allied Industries (Bittar). 
5-Tanneries, Hibatan Tannery. 
 
2.8.1 Military Forces Factory, Tahnia: 
       The tahnia is a type of sweet food made of sesem and 
sugar. The industry is divided into two stages: sesum 
preparation, and sugar preparation. 
a) Sesum: it is soaked in water in water for 1 hr, and 
then it is put into sieves and let dry. Sesum scales are 
then easily removed by washing. NaCl as added to 
the dried sesum to decrease the amount of oil during 
cooking. 
b) Sugar: sugar is added to glucose in addition to sweet 
essence. They are all mixed in a big bowel and 
cooked with steam. 
Sesum and sugar are mixed together in another bowel 
with vanilla, sugar salt, and coconut flavor. They are 
all mixed together for 5 min to form the Tahnia. 
Kota: all dirt that comes with sesum in addition to 
scales and salts. 
All the wastewaters (from washing of sesum and 
bowels) in addition to kota go to sewers without 
treatment. 
       No pretreatment unit is available in the factory. 
 
2.8.2 Sudanese Dyers Co. Ltd., Textiles: 
       Textiles are brought to the factory for either 
bleaching or dyeing. 
        Stages of textiles dyeing and bleaching: 
a) Scouring: textiles are boiled in caustic soda (NaOH) 
for the removal of fat and grease. 
b) Washing: textiles are then washed to remove the 
caustic soda. 
c) Bleaching: chemicals used are H2O2, NaOH, and 
brighteners (bhotin powder) at temperature of 
100OC. 
d) Dyeing: for cotton, chemicals used are vat dyes, 
sodium hydro sulphate, NaOH, acetic acid. For 
polyester: dispersed dues, acetic acid for the 
neutralization of caustic soda, NaOH at a 
temperature of 130OC. 
e) Finishing: starch and softening materials are added. 
f) Drying. 
No toxic organic dyes are used.  
        The factory has a holding tank with dimensions 
3*4*3 or 36 m3 with detention time of 7 days. The final 
effluent temperature is 40-50oC. A well and a septic 
tank are used for the collection of domestic 
wastewaters. 
 
2.8.3 Amipharma, pharmaceuticals: (14) 
       The factory produces 4 types of pharmaceuticals: 
a) Solid dosage forms: tablets and capsules. 
b) Liquid dosage forms: dry suspension and syrups. 
Tablets: 
       Active ingredients (fine powder) are granulated, 
mixed, binders and lubricants are added to prevent 
sticking and to improve flowability. Drying takes places 
in fluid beds at a temperature of 50oC. Tablets are then 
sized, blistered, and packed. 
Capsules:               
       Active ingredients (fine powder) is granulated, 
lubricated, avosil is added, coated with gelatin (a natural 
protein, soluble in water).  
Syrup: 
       Active ingredients are prepared pH is controlled, 
solublizing agent is added, preservatives are also added 
with coloring agent, flavor and sugar. The syrup is then 
filtered and filled. 
Dry suspension: 
       Active ingredients from store are blended and filled. 
 
2.8.4 Bittar, soap industry:  
       The factory uses cottonseed, groundnuts and 
sunflower seeds as oil seeds, and uses palm stearin and 
palm oil for the production of laundry soap. 
a) Refining: The first step is the neutralization of free 
fatty acid present in the crude oil by adding caustic 
soda. It is added at a temperature of 50oC to yield a 
soap-stock as by product. This soap-stock is 
transferred to laundry soap division to complete the 
saponification with soap. 
The oil is washed with a solution of caustic soda in 
water at 70oC to assure complete neutralization to 
remove unwanted materials: pigments, 
phosphatides, gum, etc. it may be washed once, 
twice, or three times depending on the dirtiness and 
the crude oil type. It is left to rest for 4 hrs. The 
washing water is separated by discharging it to the 
sedimentation tank. The treatment used is the 
skimming of oil. The washed oil is then dried and 
transferred to the bleaching vessel. 
b) Bleaching: in bleaching process a bleaching earth or 
activated carbon is used to the oil to achieve the 
standard color. 
c) Deodorization of oil: the vessel operates at 150oC 
under vacuum. Steam distillation is maintained in 
the deodorizer, the light volatile organic materials 
are evaporated according to their boiling point and 
then condensed, and this takes 4 hours to make sure 
that all impurities are separated. 
  
2.8.5 Hibatan Tannery: 
       The tannery comprises 7 paddles and 5 drums. Only 
physical treatment is available in the tannery. Fig.(2.2) & 
Fig.(2.3). 
       1 batch contains 8250 kg of skins. 
        1 cow skin weighs 15 Kg, 1 sheep/goat skin weighs 2 
Kgs.   
       The processes followed, the chemicals used, and the 
duration of each process is as follows: 
1- Soaking: this depends on the condition of curing i.e. 
    a) Wet salted: 10 hrs soaking. 
    b) Dry salted: 24 hrs soaking. 
    c) Air salted: 24 hrs for sheep/goat, and 48 hrs for 
cows. 
    d) Fresh skins: no soaking; only washing from blood. 
    Chemicals used: water and preservatives 
(bactericides). 
2- Liming: 7 paddles are available, each holds 10 tons. 
    Chemicals used: Na2S   12-15 gm/lit., lime     15-20 
gm/lit.   
Duration: 10 min every 1 hr up to 24/48 hrs according 
to type of skins. 
PH: 12 
Washing. 
3- Fleshing: 3 machines are available 
     Skins are then washed and weighed.  
4- Deliming: 5 drums are available. 
     Chemicals used: ammonium salts (weak acids), 
ammonium sulphate 1%, and temperature 30-370C.  
Duration: 1 hr. 
PH: 8-8.5 check by phenolphthalein indicator. 
     Washing  (washing a drum takes 1 hr running). 
5- Bating: 
     Chemicals used: biological enzymes 0.5% at 30-370C.     
Duration: 1 hr. 
A porosity test is made. 
Washing takes place until water is clean. 
6- Pickling: 
     Chemicals used: water 70%, NaCl 7%. 
     Duration: 10-15 min. 
     Chemicals used: preventol 0.5% (Bayer fungicidal 
agent), formic acid             0.5% as a masking agent, 
sulphuric acid 1.5% to lower PH. 
     Duration: 2 hrs. 
     PH for pickled 1, for tanned 2.5-2.8 
7- Chrome tanning: 
     Chemicals used: 7-8% chromic oxide Cr2O3. 
     Duration: 8 hrs for chrome penetration. 
8- Basification: 
     Chemicals used: NaHCO3 1% 
     Duration: leave overnight for chrome fixation. 
     PH 3.8. 
    
       The pretreatment unit available at Hibatan Tannery 
is: 
A screen, a receiving manhole, 10 settling tanks each 
3*5*3 m deep.  
Figs.(2.4),(2.5),(2.6),(2.7),(2.8),(2.9),(2.10),(2.11),(2.12),(2.
13),(2.14),(2.15), (2.16),(2.17),(2.18),(2.19), &(2.20). 
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Industry in Sudan (2) 
       Industry as an activity began early in the twenties 
century with the ginning factories in central Sudan as a 
result of Gazera Scheme. In recent years, the industrial 
sector has been growing up several types of industries 
such as sugar, food, leather, metals, pharmaceuticals, 
flourmills, textiles, chemical petroleum and 
petrochemicals. These are distributed mainly in five 
industrial areas in Sudan: 
- Khartoum North Industrial Area 
- Elbagair Industrial Area 
- Omdurman Industrial Area 
- Maringan Industrial Area 
- Giad  Industrial Area 
and many other smaller ones in Khartoum and other 
towns in Sudan. 
       All these industries produce liquid, solid, and 
gaseous wastes. The liquid wastes are produced as a 
result of the sequences of processes or from the utilities 
that assist the production procedures. 
       The methods of treatment and disposal of liquid 
wastes varies from complex to another: 
- Wastewater from Khartoum North industrial area is 
disposed without treatment at El-Hag Yousif treatment 
plant. 
- At Omdurman industrial area, the wastewater is 
directly injected to underground. 
-  At  Elbagair and Maringan Industrial Areas, 
wastewater is also disposed to open pools without any 
proper treatment. 
 
2.9.1  Sudan Experience in Tanneries: (9) 
       In Sudan the industrial activity has started development in recent years 
and many new investments in the industrial field have appeared with its 
 
products in the market. The development in the industry must be followed by 
developing the environmental studies to preserve an adequate method for 
treating and disposing the waste which is produced from the industrial 
activities, to gain all the benefits from the investment and also to sustain life 
and resources. 
 
2.9.1.1  AFROSTAR  (Kh N) 
No treatment is available. 
       The processes, chemicals used, duration of each stage are as follows: 
            Batch =3000 sheepskins. 
1 soaked skin = 2 Kg. 
i.e.  1  Batch = 6000 Kg   or   6 tons. 
One batch is manufactured in 4 days.  
(A) Preparations of skins:                                                                           
    1-  Soaking: 2 tanks, each 4*3*1.5 m and 1500 skins.         
  Chemicals used: In addition to water, preservatives are used.   
       Duration: 1 day. 
  2-  Dehairing: 2 pedals, each 4*2*1.5 m and 1500 skins. 
          Chemicals used: wetting agent 0.5%, soda ash 0.8%, NaS 9%, lime 5%. 
          Duration: 8 hrs. 
          Paddles are stopped and skins are allowed to stay in them for              
overnight. 
3-  Fleshing: 2 machines each takes 1500 skins. 
     After all these stages, the average weight of a skin is 1.5 Kg. 
(B)  Tanning: 
Washing of skins takes place in 2 drums, each is 3*3 dia with   max. 
capacity of 3000 skins. 
       1-  Deliming:  
           Chemicals used: ammonium sulphate 1.5%, boric acid 1%. 
           Duration: 30-45 min. 
           Washing of skins in drums until pH is 7-8.5 
2-  Bating: 
           Chemicals used: bating agent (enzyme) 0.5%. 
           Duration: 45 min. 
           Washing. 
 
3-  Pickling: 
        Chemicals used: NaCl 10%, fungicide 0.1% for 15 min. 
 Formic acid 0.5%, dil. H2SO4 0.8% for 2 hrs. 
 PH is 2.8-3. 
4-  Cr adding: 
           Chemicals used: Cr2(SO4) 3 or Cr2O3 powder 6%. 
             Duration: 6-8 hrs. 
  5-  Basification: 
           Chemicals used: NaHCO3 1%, pH is 4. 
           Duration: 1.5-2 hrs. 
              Skins are let to stay in the basification stage for overnight. 
6- Test of Shrinkage: 
       A square piece of skin is cut after basification stage and drawn on a paper. 
The piece is then boiled in water at 70-800C for 1-2 min. Comparing the skin 
before (drawing) and after the boiling, if there is shrinking then tanning is not 
completed, if not then tanned skins are ready for retanning and finishing for 
either sale or export. 
          
 All the wastewaters (from soaking, defleshing, deliming, Cr adding) are 
discharged in sewers inside the factory and collected in a settling tank 
2.5*2.5*2 m with NO detention time and discharged to the public sewers 
network without pretreatment. 
 
2.9.1.2 AL-NASR TANNARY  
A collection well and settling tanks are available as physical pretreatment 
to the tannery wastewater. 
The processes, chemicals used, and duration of each stage are as follows: 
1- Soaking: 12 paddles are available with 6000 lit. capacity. 
Chemicals used: preservatives (bactericides) 1 g/lit., NaS 1 g/lit. 
     Duration: 0.5 hr if skin is fresh, 3-4 hrs if wet, overnight if dried. 
1- Unhairing: 
Chemicals used: NaS 62.5 Kg, hydrated lime 100 Kg. 
Duration: 24 hrs. 
2- Relimming: 
Chemicals used: lime 50 Kg for each paddle 
Duration: 12 hrs. 
3- Fleshing: There are 6 fleshing machines only 2 are working. 
4- Deliming: removal of chemicals used. 
     Chemicals used: ammonium sulphate. 
     Duration: 1-1.5 hrs. 
5- Bating: 
Chemicals used: biological enzymes are used (for the removal of 
proteins). 
Duration: 1-2 hrs. 
6- Degreasing: removal of natural fat from skins using normal 
detergents. 
Duration: 45 min. 
7- Pickling:  
Chemicals used: NaCl 8%, H2SO4 1%. 
Duration: 2-2.5 hrs. 
PH 2.8-3. 
8- Chrome Tanning: 
Chemicals used: basic chromic sulfate powder 7-8% 
     Duration: 8 hrs.   
PH 3.8-3.9   Best pH for Cr penetration. 
9- Unloading and Piling: leaving the skins with Cr in the drums for 
more chrome fixation.   
Duration: 24-48 hrs. 
10- Sammying: decreasing of water content in skins, shaving to 
control thickness. 
11- Weighing of skins: chemicals of retanning are added. 
*Neutralization of all free acids and suspended salts. 
*Retanning i.e. improvement of pH properties, addition of vegetable 
tanning, aldehydes, etc. 
12- Dyeing: depends on type of skin, use, fashion, etc. 
13- Fat Licking: making skins more formable and elastic by adding 
sulfated or sulfite oil of animal or plant origin. 
14- Finishing: mechanical setting out for the removal of water. 
*Drying: this can take place naturally, paste drying on glass or 
stainless steel, or by toggling. Moisture: 14-18%. 
*Conditioning: distribution of moisture content to 30-55% for 
overnight. 
*Coloring according to final quality. 
             15- Surface Coating: by pigments, binder, water, and a fixing 
layer or a topcoat made of nitrocellulose emulsion. 
 
The Pretreatment Unit of Al-Nasr Tannery:      
The pretreatment unit (physical only) of Al-Nasr Tannery lies at the back yard 
and it consists of: Figs.(2.21),(2.22),(2.23),(2.24),(2.25) & (2.26). 
• An open sewer for conducting the industrial wastewater to a collection 
well. 
• A collection well with 4 m diameter and 5 m deep, partial settling also 
takes place. 
• A pump is used to lift the wastewater from the well to a settling tank. 
• A settling tank 8*8*5 m deep, divided into 4 chambers: wastewater enters 
in a 4*1m chamber and overflows to the second chamber 4*3, then to another 
4*3 m chamber, then to the last chamber 4*8 m through a system of 3 pipes 
located on the middle third of the wall in between the two chambers. The 
wastewater then is received on a manhole just outside the settling tank and 
goes immediately to the public sewers. 
•   2 drying beds are available 2*4*0.5 m deep. 
 
 
 
2.9.1.3 THE WHITE NILE TANNARY 
The processes, chemicals used, and duration are as follows: 
A) Curing of skins and hides: 
1- Soaking: 12 paddles are available; each can accept 1200 goatskins or 650         
sheepskins. 
     Duration: 7-8 hrs, according of the type of skins and the degree of 
drying. 
 
2- Unhairing:    
           Chemicals used: NaS 2-3%, lime 4-6%. 
          Duration: 24 hrs. 
          Washing. 
  3- Fleshing: 4 machines are available each can take 1200 skins/day. 
          Washing. 
     B) Tanning: 
     4- Deliming: 
          Chemicals used: (NH4)2SO4   2% 
          Duration: 1 hr. 
          PH 8. 
          Washing. 
          Chemicals used: enzymes 0.5% 
          Duration: 45 min. 
          Washing. 
 
 
     6- Pickling: 
                                                           a- pickled                   b- tanned 
          Chemicals used: NaCl                 20%                             10%  
                                     H2SO4               2%                               1% 
                                     Formic acid       0.5%                           0.5% 
                                     pH                     1                                  2.8-3 
          Duration: 2 hrs. 
     7- Cr Tanning: 
          Chemicals used: chromic sulfate, chromic oxide 7%. 
          Duration: 5-6 hrs. 
     8- Basification:  
          Chemicals used: NaHCO3    1%. 
          Duration: 2 hrs. 
          PH   4. 
 
          Washing and wastewater is drained. 
     C)  Retanning: 
9- Sammying: it is the process of water removal from skins. 
10- Shaving: thickness control. 
11-  Retanning: 
 Chemicals used: Cr 1%, NaHCO3    1%. 
      Duration: 1 hrs. 
      pH  5- 5.5 
12- Vegetable Tanning: 4%, for 2 hrs. 
13- Sulfinated oils: 7% for 2 hrs. 
Washing and wastewater is drained. 
14- Drying: paste drying for 24 hrs. 
15- Finishing: surface coating; pigment: binder: water, 1:1:2. 
Skins are then pressed under 200oC for color fixation. 
16- Measuring and Shaping of skins. 
 
The Pretreatment Unit of The White Nile Tannery: 
The pretreatment unit comprises: Figs.(2.27),(2.28),(2.29) & (2.30). 
• A collection well with a diameter of 5m and 9m deep. 
• A lifting pump that lifts the wastewater to an inlet of a settling tank. 
• A Settling tank of 10*25*3 m deep, divided into two chambers: the 
first one is 3*10*3 m deep. A course bar screen of 5 cm openings 
separates the first chamber from the second one. Within the second 
chamber fine screens are used. 
• Wastewater then goes to a clarifier of 10 m diameter and detention 
time 1 day. 
The treated wastewater then joins the municipal sewers. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.9.1.4 EL-BAGAIR TANNERY, (AFROTAN): (2) 
       Afrotan tannery is a private sector with a capacity of 10000 skins/day and 
500 hides/day.          
       The tannery processes are soaking, liming, bating, pickling, tanning, and 
crust. 
Fig. ( 2.31) Typical Processing In Afrotan Tannery
Raw Materials 
Soaking 
Water, Detergent, Preservative, Alkali 
Finishing 
Pigment, Acrylic, Protein-binder, Wax, Fixing Agent 
Liming + Deliming 
Water, Sodium Sulfide, Lime, Deliming Agent 
Bating 
Enzyme Bate, Degresors 
Pickling 
Sodium Chloride, Sulfuric Acid, FormicAcid 
Tanning 
Chromium salt, Sodium Bicarbonate, Preservative 
Crust 
Detergent, Bleaching Agent, Alkali, Fatliquor, Retan FormicAcid 
       The tannery effluent is discharged to the effluent treatment plant to be 
applied by sequences of treatment procedures before the disposal of the 
wastewater into the outside evaporation ponds that are constructed on the soil 
for the final disposal of the tannery wastewater. 
       The plant consists of: Fig.(2.32) & Fig.(2.33). 
- 2 tanks 10*10*3 m deep, 
- 2 tanks 15*5*3 m deep, 
- Mechanical screening started in 1984-1985. 
- Aeration with 5 aerators each with a capacity of 1000m3/hr from air, 
started in 1993-1994. 
- Centrifugation with 2 machines each with a capacity of 15m3/hrs, 
started in 1998.  
- Sulfide waste segregation system, started in 2001-2002. 
- Evaporation ponds: there are eight ponds with area 100*100 m/pond, 
and depths 0.5-0.8 m. The total area is 9600 m2.       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.9.1.5  KHARTOUM TANNERY Co.(9) 
       The tanning process of this tannery is more or less like the other 
tanneries.  
       The new pretreatment unit of the Khartoum Tannery Company consists 
of: a lifting pump at the entrance (inlet) of a screen pit 3*3*3m deep, a 
sedimentation tank 3*5*3m deep, a second sedimentation tank 3*8*3m deep, 
and the treated effluent exits the treatment plant through a manhole (outlet) 
and immediately joins the municipal sewers until it reaches “Lifting Station 
21” at Al-Gous area in Khartoum. 16 drying beds 25*15*0.3m deep are also 
designed for the sludge dewatering but not yet constructed (Fig.2.34). 
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3 MATERIALS & METHODS 
       The assessment of the industrial wastewater treatment at IAKN is 
carried out by: 
- Visits for the study site which is the IAKN, observations, personal 
communications and interviewing the personnel in some selected 
factories, about the main plant, chemicals used, treatment processes 
followed, the pretreatment units available, and the quality and quantity 
of the effluent. 
The selected factories are:  
1-Food Industry (Tahnia), Military Forces Factory. 
2-Textiles, Sudanese Dyers Co. Ltd. 
3-Pharmaceuticals, Amipharma. 
4-Soaps and Oils, Soap and Allied Industries (Bittar). 
5-Tanneries, Hibatan Tannery. 
       Most of these factories have no treatment, some have only physical 
treatment e.g.: sedimentation, but no chemical or biological treatment is 
attempted.  
       The above five factories have two different waste collection systems; one 
for the industrial waste and the other is for the domestic waste.   
- Sampling and chemical analysis are done to assess the degree of pollution in 
their effluents, the measures of pollution tested were: 
pH, BOD, COD, SS, TDS, Oil and Grease, Sulphides, Chrome. 
- A design of a pretreatment unit plant for the most polluted effluent, which is 
the tannery, is proposed together with the cost of the construction and the 
equipments needed for the plant. 
 
3.1 STUDY SITE 
DISCRIPTION OF LOCATION 
3.1.1 IAKN: Industrial Area of Khartoum North. (4) 
    The IAKN is considered as one of the biggest industrial areas in Sudan. It 
was constructed in the 1960s. It lies north to Kobar area, east to Khatmia and 
Safia areas, and west to Kafory area (Fig.3.1). The IAKN is divided into 8 
blocks; they comprise different type of industries, light and heavy. Examples 
of these industries are: workshops, oil and grease, food, fizzy drinks, paper, 
shoes, tanneries, textiles, pharmaceuticals, wood, cigarettes and tobacco, 
plastics, glass, chalks and gypsum, batteries, paints, matches, car and vehicles 
spare parts…etc and many other chemical industries.(Fig.3.2),(Fig.3.3),    
(Fig.3.4),(Fig.3.5),(Fig.3.6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       The IAKN is divided into the existing southern part and the new northern 
part. The northern part was constructed after the completion of the network 
therefore it is not connected to it. There are about 500 factories in IAKN; only 
about 200 of them are connected to the sewerage network (this was considered 
as a first stage of a big project of a sewerage system in Khartoum north for 
both domestic and industrial wastewater, but the rest was not completed until 
now). 
    The sewerage network is about 24,000 m long. Along the network there are 
3 pumping stations, in addition to a main pumping station that lifts the 
industrial wastewater of the IAKN to a treatment plant at Hag Yousif area. 
This treatment plant can acquire 6 millions gallons per day. 
  
3.1.2 Pumping Stations: (4) 
-Lifted Station no. 14 (for domestic wastewater): This is located at Kobar area 
and serves the Waha area. It is connected to the industrial network with the 
main sewer reaching pumping station no.13. 
-Lifting Station no.13: This is located at Sena’ats’Street and serves blocks 
1,2,3 in addition to the domestic wastewater from pump no. 14.It is connected 
to master pumping station no.11 by an 800mm sewer pipe. 
-Lifting Station no. 16: This is located near Bahri Thermal Station and serves 
blocks 7&8 in addition to the thermal station. It is connected to the master 
pumping station no.11 by an 800 mm sewer pipe. 
      Pump specifications: 2 pumps each with 
                                Power =11 Kw, Head =11 m, Discharge = 45 l/sec. 
-Pumping Station no.11: This is the master pumping station. It is located near 
the spinning factory at block 6. It serves blocks 4&5 in addition to wastewater 
from pumps no. 14, 13, & 16. From the pumping station no. 11 the wastewater 
is pumped through a twice force mains 16’’ & 18’’ along 7 Km directly 
towards the treatment plant in Hag Yousif area. 
      Pump specifications: 4 pumps, each with 
                               Power =85 KW, Head =35 m, Discharge =200 l/sec. 
 
3.1.3 Network: (4) 
The construction of the network was completed in October 1971. The 
Sudanese Spinning Factory was the first one to be connected to the network, 
followed by The Blue Nile Beer Company, followed by others until they are 
about 200 factories now. 
       The network is about 24,000 m long, made of asbestos-cement pipes, 
lined with corrosion resisting epoxy lining. The main sewers range between 
18’’and 32’’ in diameter. The lateral sewers are 6’’ in diameter and are of 
total length 6,232 m long. 
There are 360 manholes at 100 m apart. 
The amount of water reaching the treatment plant is 3 – 3.5 millions of gallons 
per day. 
 
3.1.4 Treatment Plant: (10) 
The present status of the Hag Yousif sewage treatment plant is assessed 
interms of its existing physical conditions and in view of the original designs 
and plant documents. (Fig.3.7),(Fig.3.8), (Fig.3.9), (Fig.3.10), (Fig.3.11). 
The plant consists of: 
- The head works (bar screens, flume with a meter, aerated grit chamber with 
velocity = 3 m/sec, 2 clarifiers with Td  =2 hr, 4 digesters with Td = 15 days in 
each pair, & 16 drying beds). 
- The stabilization ponds (4 anaerobic ponds 128*97.7*1.8 m, 4 facultative 
ponds 418*221*0.9 m, 2 maturation ponds 453*113*0.9 m). 
- The borehole 
- The offices, laboratory, changing room, stores, toilets& showers. 
       At the outlet of the maturation ponds there was a pumping station to 
pump the treated effluent to the irrigation canal. 
 
3.1.5 The problems of IAKN scheme: (10) 
       The original plant according to the American designers was expected to 
be executed in three stages, namely: 
Stage 1: To cater for the industrial area. Collect and treat wastewater 
of the Khartoum North Industrial Area. 
Stage 2: To cater for the industrial area in addition to the residential 
area. 
Stage 3: To cater for the industrial area and the residential area in addition to 
their expansions. 
       What actually constructed was the part of the treatment plant 
(screens, flume, aerated grit chambers, clarifiers, sludge digesters, and 
ponds). The network in the southern part of the Khartoum North 
Industrial Area was also constructed. 
       The expansion of the treatment plant (trickling filters as a secondary 
treatment with additional primary facilities and expansion in ponds) in 
addition to the network of the residential area in Khartoum North were not 
implemented, (i.e. stages 2 & 3), therefore stage 1 could not hold for long 
because of the nature of the waste and problems with operation and 
maintenance. 
Problems of The industrial Area and its Effluent: (11) 
       A program for the assessment and studying of the liquid industrial 
wastewater for the IAKN was done by The Constructional and Environmental 
Laboratories Center including analysis for the wastewater for nearly all the 
factories connected to the network (BOD, COD, TSS, TDS, Oil & Grease, 
Metals) and a questionnaire to inform about the quality of water discharged, 
amount of water consumed, process of industry, the materials and chemicals 
used, the internal networks, and the presence of pretreatment units inside the 
factory. 
It was found out that: 
-Some factories like those of oil, soap, tanneries, and textiles do have primary 
treatment units (settling tanks and grease traps). 
-Some factories do not have any pretreatment unit and they dispose their 
wastewaters, that contain high concentrations of organic and inorganic 
compounds dye …etc, in rain sewers. 
-Many factories are not connected to network. They discharge their 
wastewaters in wells inside the factories; this helps in polluting the 
underground waters in the future.   
-Some factories discharge their wastewaters in the rain sewers. 
-The results of the wastewater analysis were that many factories use water 
much more than their needs. Also some factories exceeded the limits of the 
industrial wastewater local order of 1971.     
 
3.1.6 Problems of The Network and The Pumping Stations: (4) 
-The untreated wastewater with all that it contains adheres to the asbestos 
pipes and results in their blockage. 
-The gaseous sulphide compounds corrode the pipelines and the cement 
structures, and manholes. 
-The effect of metals, oily waste from Bahri Thermal Station, large floating 
bodies like animal skins and hairs from tanneries, damage the pumps, 
network, block manholes, and also affect the ponds. 
-Odors of poisonous gases are also produced in the pumping stations and the 
treatment plant; these odors have their known effect on man and environment. 
-Shortage of the electric supply also helped in the deterioration of the 
pumping stations. 
 
3.1.7   Problems of The Treatment Plant: (10) 
-At present the head works are none operational and being by-passed. 
-The laboratory and offices are completely stripped except for the buildings 
and laboratory benches. 
-The ponds are silted, embankments are eroded, inlets and outlets are not 
controlled, and the treatment process is virtually stopped. 
-The final effluent pumps are not operational. 
The hydraulic load to the plant is about 3 MGD with BOD of less than 800 
ppm. 
-The influent to plant is not monitored (neither qualitatively nor 
quantitatively). 
-Final effluents were supposed to be used for irrigation in Koko Scheme, but 
this was never materialized because of the failure in treatment (failure in 
connecting the domestic waste). 
-The digested sludge was to be dried in the provided drying beds and then 
used as land fertilizer. 
-Wastewater collected from Khartoum North Industrial Area is just being 
accumulating without any treatment, thus creating a serious environmental 
health hazards. 
-The area originally allotted to the plant was 900 feddans, now being reduced 
to 450 feddans due to trespassers. 
-Flow in the irrigation canal at present is about 60000 m3/day when mixed 
with the plant final effluents provided more than four times dilution. 
-Indefiance of 1971 Act Khartoum North Municipality by-law, effluents from 
individual factories to the treatment plant are neither monitored nor 
controlled. 
-The original depth of the ponds is expected to have reduced at present due to 
the accumulation of sludge, as those ponds were never cleaned since their 
commissioning in October 1971. 
-The final effluent quality did not reach the expected quality suitable for 
irrigation and hence it was never admitted to the irrigation canal. 
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Fig.(3.8) Khartoum North Sewerage treatment plant inlet & screen. 
Fig. (3.9)    KH. North Sewerage treatment plant clarifiers & 
digesters. 
Fig.(3.10) Kh. North sewage treatment evaporation ponds. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.2   Sampling & Chemical Analysis (8) 
       Four samples are taken for each factory in different times of the day at 
different days of the week; two before the treatment available, and two after 
the treatment.     
3.2.1  BOD TEST: 
1- Principle: The biochemical oxygen demand BOD test is used to determine 
the relative oxygen required by micro-organisms during 5 days at 20oC (68K) 
to oxidize the organic matter present in a sample of polluted wastewater. The 
experiment results show the best treatment method required to the sample. 
       There are 2 methods for measuring BOD: 
A) Titration Method. 
B) BOD-Trak. 
       The second method is far much easier and more accurate. It reduces the 
time of sample preparation, titrations, and general tests. 
       A magnetic stirring is used to help transfer of oxygen from the air to the 
sample, and to help the stimulation of natural conditions. 
       The most important aim of the experiment is to remove the carbon 
dioxide produced by the bacterial oxidation of the organic matter using 
lithium hydroxide or potassium hydroxide placed in the seal cap of each 
bottle. 
Fig. (3.11) Sheep skins trapped by screens of the lifting stations 
  in the IAKN. 
       Addition of certain amount of BOD Nutrient Buffer Pillow to each bottle 
for optimum bacterial growth is necessary. 
       The certain amount of sample depends on its concentration as follows: 
 
        BOD range                                  Required volume 
        0 - 35                                                     420 
        0 – 350                                                  160 
 
 
 
1- If the BOD is more than 350 mg/lit , the sample is diluted with distilled 
water (that contains no organic matter or traces of toxic substances like Cl2, 
Co, Hg. 
2- After the dilution, multiply the reading by the dilution factor. Dilute a 200 
ml sample to 1000 ml using dilution water, multiply the reading 
corresponding to the diluted sample by 5. 
3- The best reading for pH is 6.5 -7.5. If the pH is greater, neutralization is 
used by adding IN of H2SO4.if the pH is less, weaker caustic soda solution is 
used sewerage wastewater should be diluted to pH 7.2. 
2- Apparatus: 
1-  BOD-Trak Instrument. 
2-  Six seal cups. 
3-  Six amber sample bottles. 
4-  One tube of stopcock grease. 
5-  Six stirring bars. 
6-  One polyethylene funnels (65 mm) 
7-  Power cable. 
8-  One package of LiOH powder pillow. 
9-  One package of Nutrient Buffer pillow. 
3- Procedure: 
1-  The incubator is calibrated at 20oC before samples are inserted. 
2-  Magnetic stirring rod is put in each sample bottle. 
3-  Samples are put in bottles. 
4-  2 drops of LiOH or KOH are put in each seal cup and place the cups in to 
the bottles. 
5-  The instrument is connected to electricity. 
6-  The instrument is calibrated to the required temperature. 
7-  Mercury column is also zero calibrated.   
8-  Daily readings are taken for the rise in Mercury column that shows the 
amount of oxygen required for 5 days. 
9-  BOD5 is calculated. 
10- BOD is calculated:  BODo- BOD5.  
                   
3.2.2 COD TEST: 
1-Principle:  Widely used to characterize the organic strength of wastewater 
and pollution of natural waters. The test measures the amount of oxygen 
required for chemical oxidation of organic to carbon dioxide and water 
regardless of the presence of substance that undergo a biological assimilation. 
Chemical oxygen demand is higher than biochemical oxygen demand. Most 
types of organic matter are oxidized by boiling with a mixture of chromic and 
sulfuric acids. A sample is refluxed in strong acid solution with a known 
volume of potassium dichromate (K2Cr2O7). After digestion the remaining 
unreduced (K2Cr2O7) is titrated with ferrous ammonium sulfate (FAS), the 
amount of (K2Cr2O7) consumed is determined, and the amount of oxidizable 
organic matter is calculated in terms of oxygen equivalent. 
2-Apparatus: Reflux apparatus, consist of 500 N ml of 250 ml Erlenmeyer 
flasks with ground glass 24/40 neck and 300 mm jacked Liebig, West, or an 
equivalent condenser with 24/40 ground-glass joint, and a hot plate having 
sufficient power to produce at least 1.4 W/cm2   of heating surface, or 
equivalent. 
3-Reagents:             
- Standard potassium dichromate solution, 0.0417 M: 12.259g of            
(K2Cr2O7), primary standard grade, previously dried is dissolved at 103 oC for 
2h, in distilled water and diluted to 1000 ml. 
- Sulfuric acid reagents: Ag2SO4, reagent or technical grade, crystals or 
powder, is added to conc. H2SO4 at the rate 5.5 g Ag2SO4/Kg H2SO4. Let 
stand 1 to 2 d to dissolve Ag2SO4.  
- Ferroin indicator solution: 1.485 g 1,10-phenanthroline monohydrate and 
695 mg FeSO4.7H2O are dissolved in distilled water and diluted to 100 ml. 
This indicator solution may be purchased already prepared. 
- Standard ferrous ammonium sulphate (FAS) titrant, approximately 0.25 M: 
98 g Fe(NH4)2(SO4)2.6H2O is dissolved in distilled water. A 20 ml conc. 
H2SO4 is added, cooled, and diluted to 1000 ml. This solution is standardized 
daily against K2CrO7 solution as follows: 10 ml standard K2CrO7 is diluted to 
about 100 ml. 30 ml of H2SO4 are added and cooled. The above are titrated 
with FAS titrant using 0.10 to 0.15 ml (2-3 drops) Ferroin indicator. 
- Mercuric sulphate HgSO4, crystals or powder: 0.4 g of HgSO4 is added as a 
catalyst to overcome the complexity of oxidizing halides. 
5- Procedure: 
- 0.4 g of mercuric sulphate is placed in a reflux flask. 
- Using a volumetric pipette a 20 ml sample is added to 20 ml distilled water 
and mixed. 
- Using a volumetric pipette a 10 ml standard potassium dichromate is added. 
- 3 to 4 glass beads are added and well mixed.  
- Carefully a 30 ml conc. H2SO4 containing silver sulphate is added. 
- Sample is refluxed for 2 hrs, cooled; condenser is washed down with 
distilled water. 
-  The sample is diluted to about 100 ml and cooled to room temperature. 
-  Excess dichromate is titrated to standard ferrous ammonium sulphate (FAS) 
using 2-3 drops of ferrion indicator. (The color change is sharp, from blue-
green to reddish-brown) the reaction is represented by: 
  
        6Fe++  +  Cr2O7   +   14H+                  6Fe+++   +  2Cr+++  +    7H2O        
- A blank containing 20 ml-distilled water is treated and refluxed in the same 
manner. 
6- Calculation:  
        mg/lit COD  =    (a-b)c * 8000/ml of sample. 
Where:              a = titration for blank 
                          b = titration for sample  
                          c = normality of FAS. 
 
 
3.2.3   SUSPENDED SOLIDS: 
1- General Discussion: The suspended solids SS determination is valuable in 
the analysis of polluted water. It is one of the major parameters used to 
evaluate the strength of domestic and industrial wastewater and to determine 
the efficiency of treatment units. 
2- Principle: SS is the filtered material on a standard glass fiber filter paper 
after the filtration of a well-mixed sample of wastewater. The residue is dried 
at 105oC.   
3- Apparatus: 
- Standard glass fiber filter paper: pore size is 1Um. 
- Drying oven: equipped with a thermostatic control of maintaining the 
temperature within a 5oC range. 
- Dessicators: provided with a desiccant containing a color indicator of 
moisture concentration. 
- Analytical balance.  
- Filtration apparatus (Handy Aspirator). 
4- Procedure:  
- Preparation of glass fiber: the paper is placed on the support screen. A 
vacuum is applied and the paper is washed with about 20 ml of distilled water 
three times. The filter paper is removed from the filter apparatus, and dried in 
oven C+ 2oC for 1 hr., stored in dessicator until getting cool, and immediately 
weighed before use. 
- 50 ml is taken from well shook sample, filtered through previously prepared 
glass fiber paper. Paper is put into oven at 103oC+ 2oC for 1 hr, weighed after 
cooling in the dessicator. 
5- Calculation: 
       SS (mg/lit)  = (A-B)*10 /ml of sample 
Where            A = weight of filter and residue in grams. 
                       B = weight of filter in grams. 
 
3.2.4 TOTAL DISSOLVED SOLIDS:  
1- Principle: total dissolved solids TDS is a term applied for the filterable 
from the suspended solids. 
2- Apparatus: 
- Steam bath 
- Dessicator 
- Drying oven 
- Analytical balance 
- Glass fiber filter disks, type A/E/D 
- Evaporation dish 
- Filtration apparatus 
3- Procedure: 
- 50 ml of the sample is filtrated using filtration apparatus 
- The dish is put in the drying oven at 180oC for I hr. 
- The dish is weighed using the analytical balance. 
- The filtrate is put in the evaporated and weighed dish 
- The sample + dish are put on the water bath until dry 
- The sample + dish are put in the oven at 180oC for 1 hr 
- The sample + dish are weighed 
4- Calculation: 
      TDS mg/lit    =(A-B)*106/ ml of sample 
 
Where          A     = weight of dried residue + dish, g. 
                     B     = weight of dish, g. 
 
3.2.5 SULPHIDES: 
1- Reagents: 
- Hydrochloric acid, HCl 6N 
- Standard Iodine solution, 0.025N  
- Standard Sodium Thiosulphate solution Na2S2O3 (titrant) 0.025N 
2- Procedure: 
- 20 ml of iodine sulphides are put in a 500ml conical flask with 2ml 1:1 
diluted HCl and mixed together. 
- 200 ml of sample are taken with a 50 ml pipette and titrated with Na2S2O3, 
titration proceeds until color starts to reduce. 
- 3-4 drops of starch (indicator) are used. 
- Titration is continued until no further change in color. 
3- Calculation: 
   S2- mg/lit   = [(A*B) –(C*D)]*16000/ml of samples. 
Where     A  = ml of iodine 
                 B  = N of iodine 
           C  = ml of sodium thiosulphate  
           D  = N of sodium thiosulphate 
 
 
3.2.6 CHROME: 
1- Apparatus: spectrophotometer, 540nm. 
2- Reagents: 
- Conc. HNO3 
- H2SO4 (1:1) 
- 1,5-diphenylcarbazide: 250 mg dissolved in a 50 ml acetone, stored in a dark 
bottle 
- K2Cr2O7 : 141.4 mg is dissolved in water and diluted to 1000 ml 
3- Preparation of curve: 
Construction of the calibration curve is by plotting corrected absorbance 
values against micrograms chromium in 102 ml final volume. 
4- Procedure: 
- Digestion of sample by conc. HNO3, and conc. H2SO4 in kilter nitrogen for 
24 hrs. 
- 5 ml of sample are completed to 50 ml 
- 1,5-diphenylcarbazide indicator is added for 10 min until color is developed 
- Absorption wavelength is adjusted to 540 nm 
- Reading is compared with the curve. 
5- Calculation:   
    Cr mg/lit  = (absorption curve reading)*100/B 
Where    A   = ml of original sample 
               B   = ml portion from 100 ml digested sample.  
 
Results of all the analysis done are tabulated in Fig. (4.1). 
 
 
3.3  DESIGN (12) 
 3.3.1   Project Data and other Information: 
-Tannery     : Hibatan Tannery  (Sudan, Industrial Area of Khartoum North) 
     -Capacity    : max. 8250 kg/batch 
     -Production : 75 kg of chrome /batch. 
     -Process   : conventional hair pulping system (lime and sodium sulfide)             
in paddles, and chrome tanning in drums. 
     -Work time : 6 days a week, 2 shifts a day (14 hrs). 
     -Water consumption: 60 m3/day. 
-Rain water : separately discharged. 
-Total area  : 16,000 m2  
-Area available for E.T.P.: 13,000 m2  
-Tannery location: industrial zone. 
-Recipient body: industrial sewer, and an effluent treatment plant. 
-Limits for discharged: Industrial Local Order of Khartoum North 1971. 
  
3.3.2 Brief description of the treatment process: 
       The effluent from the tannery after screening (bar screen manually 
cleaned) is piped to a lifting tank 2.(Fig 4.1) 
Pretreatment of chrome: 
       The separation of the spent chrome bath is done by-passing it at the lifting 
station.  
       Due to the factory small production, to program the chrome discharge not 
simultaneously with other tannery effluents seemed the simplest alternative. 
       Furthermore, being a pretreatment and not a recovery, the separation can 
be carried out without an excessive care. No big problem if few other wastes 
are mixed with the chrome one. 
       Before the chrome discharge from the factory, the E.T.P.’S operator must 
open the valve V2 and close the valve V1. The discharged liquid will be so 
transferred by submersible pump P1 to the chrome storage and precipitation 
tank 4. 
       The chrome precipitation is carried out in batch only when the tank 4 is 
full.   
       The operator opens the valve V4 and starts the mixing of the liquor by 
compressed air. He must manually add lime-milk up to pH 8-9; the final pH is 
checked by means of paper indicator. At this pH the trivalent Cr is 
quantitatively precipitated as hydroxides. He closes again the valve V4 and 
lets the liquor to settle. The minimum period of quiet is 4 hrs, but an overnight 
sedimentation is recommendable. 
       Ultimate the sedimentation, the operator opens the valve V3 and 
discharges by gravity the supernatant (without Cr) into tank 3 for being mixed 
with other effluents. 
       The chrome hydroxide sludge remains into the tank 4. Successively, other 
Cr precipitation cycles are carried out in a similar way. The operator must 
only take care that the chromic oxide does not exceed the supernatant 
discharge level of V3. When the sludge blanket is in the proximity of this 
level, he must start the sludge down off.  The operation is done by means of 
the self-priming pump P2. The suction pipe of this pump is mobile; the 
operator with the assistance of a second person can move it around the tank 
bottom. The sludge is de-watered into sand drying beds exclusive for Cr 
sludges. 
Note: the complete cleaning of the tank from sludge is not necessary, but, in 
any case, this simple system resulted fully reliable.  
General Treatment: 
       The other discharges are pumped (V1open and V2 closed) by P1 into the 
equalization and sulphides oxidation tank 3. P1 operates manually or 
automatically by means of floating switches. 
       Tank 3 is mixed and aerated by suppressed air supplied by the blower RB 
through a series of air-diffusers AD at the bottom. The aerated effluent flows 
by gravity into the sedimentation tank 6 (the water level in the tanks 3, 5, 6 is 
the same). 
       The effluent volume (i.e. the equalized/aerated liquor transferred to tank 
6) is equal to the influent one (i.e. that is lifted by P1). For this reason the 
volume and retention time of the sedimentation tank 6 has been dimensioned 
on the base of the capacity of the pump P1. 
NOTE: this method has been adopted for eliminating a second lifting pump.  
       To improve the plant’s efficiency, the flocculation with chemicals (e.g. 
Alums and Polyelectrolytes) can be easily effectuated in the tank 5. The 
supernatant from 6 flows by gravity, joins the industrial sewers and then goes 
to Al-Hag Yousif treatment plant. 
       The sludge from the sedimentation tank 6 is sent to the drying beds. This 
service is prerogative of the pump P2, but the level of 6 has been designed to 
allow also the feeding of the beds by hydraulic head (gravity). 
     
4.2 DESIGN (12) 
4.2.1 Plant Operation Parameters (Tannery Data): 
- One batch contains: 1000 sheep skins     = 2000 Kg 
                                   2000 goat   skins     = 4000 Kg 
                                     150 cow   skins     = 2250 Kg 
 
                                              Total             = 8250 Kg. 
- One batch is processed in 5 days. 
The tannery comprises: 
- 7 paddles, each holds 10 tons of water    =    70 tons 
- Washing of paddles, 3 times each wash  =  210 tons 
- 5 drums, each holds 1 ton of water          =     5 tons 
- Washing of drums, 3 times each wash    =    15 tons 
- Therefore, water consumption is             =  300 tons/batch. 
   Or daily effluent volume = 300/5           =    60 m3/day. 
 
 
- Working hours  (2 shifts)                        =    14 hrs/day 
- Discharge flow     = 60/14                       =    4.3 m3/hr 
- Peak factor                                               =       3 
- Peak flow              = 4.3 * 3                     =     13 m3/hr 
- Processed material                                   = 8250 Kg/batch 
- Sludge material (adopted)                       = 0.1 Kg dry matter sludge/Kg of             
processed material 
- Sludge production = 0.1 * 8250              = 825 Kg dry matter/batch. 
 
 
Chemicals used: 
- Na2S                   = 700      Kg/batch     or   10 g/lit 
- Ca(OH)2                  = 900      Kg/batch      
- (NH4)2SO4          = 100      Kg/batch      
- H2SO4                 = 75-90   Kg/batch         
- Formic acid        = 25        Kg/batch      
- NaHCO3                     = 50             Kg/batch      
-Chrome powder = 75       Kg/batch     or   15 g/lit 
 
 
 
 
 
 
 
4.2.2 List and Characteristics of The E.T.P. Facilities: 
- MS     : n.1 bar screen,  sloped 600, 
               Spacing between the bars 10mm,  
               Capacity 0.174 m3/sec. 
 
- T2           : Lifting tank in concrete, 
               Volume 6.5 m3. 
   
- P1           : n.1 lifting pump, submersible type, 
               Power  1.1 KW, 
               Capacity 25 m3/hr, at 4 m head. 
 
- T4       : Chrome storage and precipitation tank, 
               Total volume 25 m3.  
                       At the tank bottom is installed an air distribution device. 
 
- T3          : Equalization and sulphides tank, 
              Total volume 120 m3. 
              At the tank bottom are installed two air distribution devices. 
 
- RB     : n.1 rotary vane blower, producing oil free air, 
              Capacity 250 Nm3/hr at 4 m head, Power 5,5 KW. 
  
- AD    : n.3 air distribution devices, consisting of piping, valves, and n.15 fine          
medium bubble membrane diffusers each. 
              Diffuser capacity 5-10 m3/hr of air each. 
 
- T5          : pit for eventual dosage of chemicals, 
              Volume (0.5)3. 
 
- T6          : Primary sedimentation tank in concrete, Dortmund type, 
              Surface 13 m2, 
              Height of perpendicular walls 2 m, 
              Total height 4 m, 
              Total useful volume 32.5 m3. 
 
- B7      : n.2. Drying beds for chrome sludge,  
              Dimensions 1 * 5 m, depth 0.2 m, 
              Total surface 10 m2. 
 
- B8      : n.5. Drying beds for other sludge, 
              Dimensions 2.5 * 6 m, depth 0.25 m, 
              Total surface 75 m2. 
4.2.3 Design Calculations: 
a) Screen (MS): Fig.(4.2). 
    - Peak flow                 = 13   m3/hr     = 0.004 m3/sec. 
    - Assume velocity      = 0.6 m/sec. 
    - Area of openings     = 0.004/0.6     = 0.007 m2.           
    - Assume depth of flow          (dc)     = 0.5 m 
    - Width of flow (Wc) = o.007/0.5     = 0.014 m. 
     This is a very small width, take Wc = 0.5 m. 
    - Screen inclined dimensions           = 0.5*0.58 m. 
    - Screen capacity (Qmax)                 = 0.5*0.58*0.6          = 0.174 m3/sec. 
    - Adopting a screen with bars of diameter 10mm, 10mm spacing. 
    - No. of bars              = 0.5*1000/20 = 25 bars. 
    - Length of screen chamber    (L)     = (dc+ 0.3)cot α+ 1.73(Wc+ d), 
     Where:            L       = length of screen chamber,     
                            dc       = depth of flow,           
                            α        = angle of inclination of screen bars with the 
horizontal, 
                            Wc     = width of screen chamber,     
                            d        = diameter of the incoming sewer. 
                            L       = (0.5+ 0.3) cot 60+ 1.73(0.5+0.2)    = 1.7 m. 
     The length of the screen channel should be sufficient, so that the screen can 
be properly honsed, working space should be available, flow can be stabilized, 
and eddies are avoided. 
    - Height of chamber = (dc+ free board) = 0.5+ 0.25           = 0.75 m. 
    - Pit dimensions         = 1.7*0.5*0.75 m. 
 
b) Lifting tank (T2): Fig.(4.3). 
    - Peak flow  (Q)         = 13   m3/hr. 
    - Pump capacity         = 25   m3/hr 
    - Retention time (Tr)   = 0.5 hr. 
    :. Volume of tank (V) =  Q*Tr             = 13*0.5                =  6.5 m3. 
                                            (2.1*2.1*1.5 m) 
c) Cr removal tank (T4): 
     - Volume of chrome liquors (wastewater of 5 drums + washing) 
                                       = 20 m3/batch   = 4 m3/day. 
     - Volume of  T4  (V) = 25 m3.      (3.5*2.5*3 m) 
       Assuming a daily volume of  (5 m3) of wastewater including 
processing, washing, and some other waters. Since the 
treatment process will be carried out in batch every 5 days, 
                               Tr      = 5 days            
(5 days are needed to fill up the tank before treatment begins). 
     -  Amount of lime needed to precipitate the chrome powder: 
   
            Cr2O3  +  3Ca(OH)2    ―――►  3Cr(OH)3  +  2CaO 
 
        Molecular weights:            Cr2O3    = 152,   3Ca(OH)2     = 222    
        Amount of Cr in the effluent         = 10.9  mg/lit, 
        Amount of lime required               = 10.9*222/152        = 16 mg/lit. 
        Amount of lime required/ batch    =  320 g. 
 
d) Equalization and Sulphide removal tank (T3): Fig.(4.4). 
     - Peak flow         (Q)  =  13   m3/hr   = 60 m3/day. 
     - Retention time (Tr)  =   2 days 
     - Volume of  T3  (V)  = Q*Tr           = 120 m3.     (4.5*9*3 m) 
     Aeration: 
     - Air blower capacity = 250 Nm3/hr. 
     - surface of tank         = 120/3          = 40 m2 
     - Air/ surface rate       = 250/40        = 6.25  m3/hr of air/m2 of tank surface.      
     - Air/ volume rate       = 250/120      = 2.1   m3/hr of air/m3 of tank. 
 
T5 : pit of eventual dosage of chemicals, in this case chemicals are not 
required. 
 
e) Primary sedimentation tank (T6): Fig.(4.5). 
    - Peak flow        (Q)    = 13    m3/hr. 
    - Retention time (Tr)   = 2.5 hrs.  
    - Volume of T6    (V)    = Q*Tr            = 32.5 m3. 
       A sedimentation tank of Dortmund type: 
    - Surface                      = 13 m2 
    - Height of perpendicular walls          = 2 m 
    - total height                = 4 m 
    - total useful volume   = 33.5 m3. 
 
f) Cr sludge drying beds (B7): Fig.(4.6). 
    - Expected chrome sludge production (using the effluent ratio 60:4)                          = 4*165/60     = 11 Kg of dry matter/ day. 
- Assuming a drying time of 3 weeks (18 working day) 
- Total quantity of chrome produced sludge: 
                                     = 11*18          = 198 Kg of dry matter. 
- Let the dry content in the dewatered sludge be 20%,  
  Therefore, a total of    = 198*100/20 = 990 Kg 
                                                                 = 0.99 m3      = 1 m3 
    - Limitating the final height of the sludge layer to   0.2 m for a good        
drying of the cake bottom, 
    - Total surface of drying beds = 1/0.2                    = 5 m2  
    - N.2: (1 * 5) beds of total surface 10 m2 have been proposed, 1beds (5 
m2) in operation, 1 in cleaning and maintenance. 
 
g) Other sludge drying beds (B8): 
       - Expected sludge production   = 0.1*8250       = 825 Kg of dry matter/ 
batch. 
                                                                                     = 825/5             = 165 Kg of dry matter/ day. 
- Assuming a drying time of 3 weeks (18 working day) 
- Total quantity of produced sludge: 
                                                  = 165*18           = 2970 Kg of dry matter. 
- Let the dry content in the dewatered sludge be 20%,  
  therefore, a total of                 = 2970*100/20   = 14,850 Kg 
                                                                                 = 14.85 m3. 
    - Limitating the final height of the sludge layer to   0.25 m for a good        
drying of the cake bottom, 
    - Total surface of drying beds  = 14.85/0.25       = 60 m2  
    - N.5: (2.5 * 6) beds of total surface 75 m2 have been proposed, 4 beds (60 
m2) in operation, 1 in cleaning and maintenance. 
- The feeding period of each bed results 4 days, therefore, every 14 days 
one bed must be cleaned and 3.75 m3 of dewatered sludge is transported 
to the final disposal. 
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                       Fig. (4.1) Hibatan  Tannery ETP. 
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Fig. (4.2) : Bar screen. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



4.3 Civil Work: 
       Prior to the start of the civil works the site must be cleaned; all trees, 
shrubs, trunks, roots, grass and other vegetable matter must be disposed off. 
1) Screen (MS):  
     A stainless steel bar screen  
    - Bar diameter 10 mm, spacing 10mm, 
    - Inclined screen dimensions 0.5*0.58 
    - No. of bars 25 
    - Internal dimensions of screen chamber (1.7*0.5*0.75 m). 
    - Lateral walls in blocks bedded in cement mortar and lean concrete bottom       
with plastering of internal surface. 
2) Lifting tank (T2):    
    - Internal dimensions (2.1*2.1*1.5 m), volume 6.5 m3. 
- Reinforced concrete tank with a 20 cm thickness walls. 
- Reinforced concrete base with a 30 cm thickness.  
- 2 holes for 200 mm pipes; one from screen, the other to T4. 
- Plastering of internal walls. 
3) Cr removal tank (T4):  
- Internal dimensions (3.5*2.5*3 m), volume 25m3. 
- Reinforced concrete tank with a 20 cm thickness walls. 
- Reinforced concrete base with a 30 cm thickness.  
- A hole for size 200 mm pipe from T2. 
- A hole for size 100 mm pipe for the removal of Cr sludge. 
- Plastering of internal walls. 
 
4) Equalization and Sulphide oxidation tank (T3): 
- Internal dimensions (4.5*9*3 m), volume 120 m3. 
- Internal wall (0.2*4.5*1.5 m). 
- Reinforced concrete tank with a 20 cm thickness walls. 
- Reinforced concrete base with a 30 cm thickness. 
- 2 holes for 200 mm pipes; one to T5, and the other to V1. 
- Plastering of internal walls. 
5) Pit for the eventual dosage of chemicals (T5): 
- Internal dimensions (0.5*0.5*0.5 m), volume (0.5)3 m3. 
- Reinforced concrete tank with a 20 cm thickness walls. 
- Reinforced concrete base with a 30 cm thickness. 
- 2 holes for 200 mm pipes; one from T3, and the other to T6. 
6) Sedimentation tank (T6): 
   - dimensions: suface 13 m2, height of perpendicular walls 2 m, total height    
4      m, volume 32.5 m3. 
   - Reinforced concrete tank with a 20 cm thickness walls. 
   - 2 holes for 200 mm pipes; one from T5, and the other for the final effluent. 
- A hole for size 100 mm pipe for the removal of the other sludge. 
   - Plastering of internal walls. 
7) Cr drying beds (B7):  
- 2 drying beds of dimension (1*5*0.2 m). 
- Lateral walls 20 cm thickness in blocks reinforced with steel bars, 
connected with the bottom reinforced concrete plate and reinforced 
concrete tie beam at summit level. 
- Plastering of internal walls. 
8) Other sludge drying beds (B8): 
   - 5 drying beds of dimension (2.5*6*0.25 m). 
   - Same as Cr drying beds. 
9) Equipments: 
a- 1 lifting pump, submersible type, power 1.1 KW, capacity 25 m3/hr. at 4 
m head. 
b- 1 helicoloidal pump for the suction of Cr sludge from T4 and the other 
sludges from T6. The suction pipe of this pump is mobile. 
c- RB: 1 rotary vane blower, producing oil free air, capacity 250 Nm3/hr at   
4 m head, power 5.5 KW.  
d- AD: 3 air distribution devices constituted of piping, valves, and 15 fine-
medium bubble membrane diffusers each diffuser capacity 5-10 m3/hr of 
air each. 
 
 
 
    
 
4.4 Cost estimation for the civil works: Table (4.2) 
      All prices are in Sudanese Dinars. 
      r.c. = reinforced concrete, D = depth, L = length, W = width, V = volume. 
 
1) Bar screen (Ms): 1.7*0.5*0.75 m deep, V = 0.6375 m3    
   
  
2) Lifting tank (T2): 2.1*2.1*1.5 m deep, V = 6.6 m3 
 
 
 
 
 
 
 
3) Sulphide Oxidation tank (T3): 4.5*9*3 m deep, V = 120 m3 
 
Item Description Unit Unit price Quantity Total 
Plain 
concrete 
Thickness 10 cm m2 2,100 0.85 1,785 
Raft r.c. base of 30 cm 
thickness 
m3 75,000 0.225 16,875 
Walls r.c. walls of 20  
cm thickness 
m3 75,000 0.66 49,500 
Plaster Thickness 2 cm m2 0,800 8.55 6,840 
Total     75,000 
Item Description Unit Unit price Quantity Total 
 
Excavation  
D = 0.75 m 
L = 2.5 m 
W =  2.5 m 
 
m3 
 
1,500 
 
4.7 
 
7,050 
Plain 
concrete 
Thickness = 
 10 cm 
m2 2,100 6.25 13,125 
Raft r.c. base of 30 
cm thickness 
m3 75,000 1.323 99,225 
Walls r.c. walls of 20  
cm thickness 
m3 75,000 5.04 378,000 
Plaster Thickness =    
2 cm 
m2 0,800 56.91 45,528 
Total     542,928 
 
4) Cr removal tank (T4):2.5*3.5*3 m deep, V = 26.25 m3 
 
 
 
 
 
 
 
 
5) Chemical Dosage Pit (T5): 0.5*0.5*0.5, V = 0.125 m3. 
Item Description Unit Unit price Quantity Total 
 
Excavation  
D =1.5 m 
L = 9.5 m 
W = 5 m 
 
m3 
 
1,500 
 
71.25 
 
106,875 
Plain 
concrete 
Thickness =  
10 cm 
m2 2,100 47.5 99,750 
Raft r.c. base of 30 
cm thickness 
m3 75,000 12.15 911,250 
Walls r.c. walls of 20  
cm thickness 
m3 75,000 20.16 1,512,000 
Plaster Thickness =    
2 cm 
m2 0,800 250 200,000 
Total     2,829,875 
Item Description Unit Unit price Quantity Total 
 
Excavation  
D = 1.5 m 
L = 4 m 
W = 3 m 
  
m3 
 
1,500 
 
18 
 
27,000 
Plain 
concrete 
Thickness =  
10 cm 
m2 2,100 12 25,200 
Raft r.c. base of 30 
cm thickness 
m3 75,000 2.625 196,875 
Walls r.c. walls of 20  
cm thickness 
m3 75,000 7.68 576,000 
Plaster Thickness =    
2 cm 
m2 0,800 88.55 70,084 
Total     895,159 
 
6) Sedimentation tank (T6): Dortmund type, surface area = 13m2, V = 32.5 m3 
7) One Cr drying Bed B7: 1*5*0.2 m deep. 
7) One other sludge drying Bed B8: 2.5*6*0.25 m deep. 
Item Description Unit Unit price Quantity Total 
Plain 
concrete 
Thickness =       
10 cm 
m2 2,100 0.25 525 
Raft r.c. base of 30 cm 
thickness 
m3 75,000 0.075 5,625 
Walls r.c. walls of 20 cm 
thickness 
m3 75,000 0.2 15,000 
Plaster Thickness =       
2 cm 
m2 0,800 2.75 2,200 
Total     23,350 
Item Description Unit Unit price Quantity Total 
 
Excavation  
D = 2 m 
L = 4 m 
W = 4 m 
 
m3 
 
1,500 
 
32 
 
48,000 
Plain 
concrete 
Thickness =  
10 cm 
m2 2,100 4 8,400 
Raft r.c. base of 30 
cm thickness 
m3 75,000 1.2 90,000 
Walls r.c. walls of 20  
cm thickness 
m3 75,000 14 1,050,000 
Plaster Thickness =    
2 cm 
m2 0,800 163.275 115,420 
Total     1,311,820 
Item Description Unit Unit price Quantity Total 
Plain 
concrete 
Thickness =       
10 cm 
m2 2,100 5 10,500 
Raft r.c. base of 30 cm 
thickness 
m3 75,000 1.5 112,500 
Walls r.c. walls of 20  
cm thickness 
m3 75,000 0.48 31,200 
Plaster Thickness 2 cm m2 0,800 12.8 10,240 
Total     256,440 
 
 
Therefore, the cost estimation of the civil and mechanical works is as 
follows: 
- Site work                                                                 500,000 
- Screen chamber                                                         75,000 
- Lifting tank                                                              542,928 
- Cr removal tank                                                       895,875 
- Equalization & sulphides oxidation tank              2,829,875 
- Chemicals pit                                                             23,350 
- Sedimentation tank                                               1,311,820 
- Drying beds (all)                                                   2,787,630 
- Equipments: Electrtical&Mechanical(40%)         3,646,591 
- Raceway pipes & accessories                                  200,000 
- Contingencies (25%)                                            2,279,120    
     Grand Total                                                       15,242,189 (Sudanese 
Dinars) 
                                                                                      58,623 (    US      
Dollars) 
 
  
Item Description Unit Unit price Quantity Total 
Plain 
concrete 
Thickness =       
10 cm 
m2 2,100 15 31,500 
Raft r.c. base of 30 cm 
thickness 
m3 75,000 4.5 337,500 
Walls r.c. walls of 20  
cm thickness 
m3 75,000 0.85 63,750 
Plaster Thickness =       
2 cm 
m2 0,800 27.75 22,200 
Total     454,950 
5 Discussion 
       The major objective of this study is to control the environmental impacts 
of industrial effluents of the IAKN. Some of these effluents are much polluted 
and therefore affect the industries, sewers, and treatment plants. Hence, the 
importance of pretreatment unit plants is very clear; they far much decrease 
the loads on the sewerage treatment plants. 
 
5.1 Site: 
       Most of the factories in the IAKN have no pretreatment unit plants; 
therefore, lots of problems arise in these factories: blockages, flooding, odors, 
and insects. Troubles are extended to reach the sewers: cracks, blockages, 
corrosion, damages of the pumping stations… etc. The treatment plant is also 
affected since large floating objects reach there and covering the surface of the 
ponds from sunlight preventing its important role in treatment. Highly 
polluted effluents such as those from batteries industry, metal industry, 
tanneries, etc kill the bacteria and other organisms present in ponds, 
preventing the biological treatment. Some few factories have only physical 
treatment such as settling tanks, but they are not properly designed, no 
periodical cleaning, no maintenance, and therefore very poor efficiency. As a 
conclusion to the problem of the IAKN, pretreatment unit plants inside the 
factories are very important and are considered to be the best solution. 
 
5.2 Chemical Analysis:        
       Chemical analysis is attempted for a group of 
factories of different types of industries: 
1-Food Industry (Tahnia), Military Forces Factory. 
2-Textiles, Sudanese Dyers Co. Ltd. 
3-Pharmaceuticals, Amipharma. 
4-Soaps and Oils, Soap and Allied Industries (Bittar). 
5-Tanneries, Hibatan Tannery. 
The measures of pollution tested are: pH, BOD, COD, TSS, TDS, O&G, Cr, 
S2-. Results of the analysis are shown in table (4.1). The findings are: 
- pH: all 5 factories have their effluent ph lies within the acceptable limit, 
i.e. neither highly acidic nor highly alkaline (5.5-10). 
- Odors: all 5 factories have very strong and offensive odors of effluents, 
specially the Tahnia and the tannery (H2S). 
- Color: all 5 factories have colored effluent; this is an indication for the 
presence of chemicals, suspension of solids, organic material, etc. The 
grayish black color in the textile effluent from the dyes that comes out 
with the washing water. The brown color in the soap industry 
wastewater results from the amount of oils (thick and dark) that goes 
out with the effluent. The dark green color of the tannery wastewater 
results from the parts of hairs, flesh, and skins that resulted from the 
soaking, liming, deliming, and fleshing of skins. The green color results 
from the amount of chrome powder, used in the tanning process, that 
goes out with the wastewater. The pharmaceutical industry effluent is 
the cleanest of all (faint transparent yellow), the chemical formula is 
accurately calculated and no much amount goes out with the effluent 
only that of washing water of utensils used in the manufacturing 
process. The gray color of Tahnia results from the amount of Kota and 
sugar that goes out with the wastewater. 
- Temperature: 4 factories have normal temperatures, soap industry has 
a slightly elevated temperature but still within the acceptable limit (not 
more than 60oC). 
- BOD&COD: all 5 factories have their BOD&COD that lies within the 
acceptable limitqsxsA. Tahnia and the tannery effluents have high BOD 
&COD than the others due to the high amount of organic content they 
contain. 
- TDS: textiles and pharmaceutical industries have their TDS that lies 
within the acceptable limit (2000 mg/lit). The tannery effluent, in spite 
of the settling tanks available in the factory, has a high TDS due to the 
heavy metals (Cr) and sulphate dissolved in the wastewater. Tahnia 
industry has a very high TDS due to the large amounts of salts and 
sugars used, and no settling tank is available in the factory. 
- TSS: textiles, soap, and pharmaceutical industries have their SS that 
lies within the acceptable limit (800 mg/lit). The tannery effluent has 
high SS due to the dehairing and fleshing and other parts of the skins. 
Tahnia effluent has a very high SS due to the large amount of sesum 
and Kota (yarn) that cannot be trapped by screens. 
- O&G: soap, tannery and Tahnia exceeded the acceptable limit (150 
mg/lit), no skimming tanks are available in these factories. 
- Cr&S2-: these can only be applied to the tannery effluent. The tannery 
effluent exceeded the acceptable limits (1, 100 mg/lit) respectively. 
Neither Cr precipitation nor S2- oxidation is available in the tannery. 
       As a conclusion of the chemical analysis, the tannery almost exceeded all 
the acceptable limits of the INDUSTRIAL LOCAL ORDER OF 1971 for 
Khartoum North (Appendix A). 
 
 
 
 
 
 
 
 
 
Table (5.1): maximum limits for discharge of industrial pollutants in the water 
environment: 
 
 
 
Pollutants 
 
Unit 
Local 
Order 
1971 
Arab Industrial 
Development 
Org. 
Color  colourless colourless 
pH  5.5-10 6-9 
Temperature oC 60 10o>than temp. of 
recipient body 
BOD (5days,20oC) mg/lit 800 400 
COD mg/lit  700 
Oil & Grease mg/lit 150 100 
TSS mg/lit 800 500 
TDS mg/lit 2000 2000 
Sulphides mg/lit 100 10 
Chrome mg/lit 1 1 
 
 5.2.1  Construction & Environmental Laboratory Center (11) 
       The Center attempted a study for the IAKN and made a report: 
“A program for Studying and Assessment of the Industrial liquid wastewater 
for the IAKN, 2001 ”. The program included a study of the area, studying the 
effect of industrial effluent on the sewerage system. The study also included a 
questionnaire with the following aims: 
- Assessment of the quality and quantity of effluent for every individual 
factory, 
- Evaluation of the treatment processes followed, if available, 
- Knowing the methods of solid and liquid waste disposal, 
The findings of the questionnaire are: 
- Some factories are not connected to the sewerage network; they dispose 
their industrial effluents in wells inside their factories. This may result 
in the pollution of groundwater in the long term, knowing that many 
factories depend on the groundwater in their industrial processes. 
- Many factories do not have pretreatment unit plants, while the fees the 
owners’ pay to the authorities includes the treatment expenses. 
- Some factories dispose their effluents in rain sewers (they’re seen 
coloured and blocked with suspended solids and floating bodies. 
As a conclusion to these findings: a close monitoring and control from the 
authorities, and a periodical check of pretreatment units efficiencies, 
continuous physio-chemical analysis of the wastewater, and comparing it with   
an updated limits (or the local limits considered). 
 
Table (5.2) Qualitative analysis for different industrial types, done by : 
“Construction & Environmental lab. Centre” 
 
 
5.3 Tanneries: 
     Tanning and its associated operations can be a source of considerable 
environmental impacts. Air and water pollution, widespread odors, poisoning 
from toxic gas, and the unsafe disposal of waste are among the problems that 
have been experiences to a greater or lesser extent in the industry. The 
increased use of chemicals in various processes leads to additional problems 
such as occupational safety, creation of hazardous wastes, and difficulties with 
disposal of treatment sludges. Many of these impacts are on the health and 
safety of individual workers. As well, the deterioration of resources resulting 
from pollution can have negative effect on the long-term growth potential of a 
country, even if immediate economic benefits may be gained by individual 
enterprises. In any case, excessive generation of pollution and waste is often a 
sign of inefficient manufacturing, and a waste of scarce resources. 
 
5.3.1 The Pretreatment unit plant Design of Hibatan Tannery: 
       A proposal of pretreatment unit design is attempted to solve the problem 
of the highly polluted tannery effluent. 
Type of 
industry 
 
BOD 
(mg/lit) 
COD 
(mg/lit) 
 
TSS 
(mg/lit) 
O&G 
(mg/lit) 
S2-
(mg/lit) 
 
pH 
Food 
 industry 
 
400-425 
 
2300-5408 
 
10-1330 
 
/ 
 
50-570 
 
6.5 
Textiles 
industry 
 
40-8200 
 
/ 
 
32-728 
 
/ 
 
/ 
 
5.5 
Tanning 
industry 
 
15500 
 
20-500 
 
133 
 
/ 
 
/ 
 
7.5 
Oil & soap 
industry 
 
175-4500 
 
3520-13520 
 
146-310 
 
31-158 
 
/ 
 
6.6 
Pharmaceutical 
industry 
 
500-1400 
 
/ 
 
130-510 
 
/ 
 
40 
 
7.5 
Max. Limits Of 
local order 1971 
800 
(mg/lit) 
  800 
(mg/lit) 
150 
(mg/lit) 
100 
(mg/lit) 
 
5.5-10 
       The water consumption of the tannery is calculated and the design form is 
filled with some information about the tannery. The tannery capacity is 8250 
kg/batch; the batch takes 5 days in manufacturing. The peak flow is calculated 
as 13 m3/hr. 
Preliminary screening facilitates the treatment process. 
- Screen: prior to treatment it is essential to screen all effluent streams to 
remove the large fragments which will otherwise block pipes, pumps and 
gullies. Such screens need regular cleaning (manual) and maintenance. 
- Lifting tank: although it is useful to employ gravity wherever possible, in 
the majority of effluent treatment plants the liquid must be pumped at least 
once during treatment. Even following screening, there will be a significant 
volume of small fragments. It is essential that pumps be designed to handle 
such material on a continuous basis. 
Primary treatment consists of basic physical-chemical processes to remove the 
major pollutants in raw wastewater, such as BOD, COD, Sulphides, and 
Chrome. 
- Cr removal tank: the precipitation of chrome is relatively simple. The 
success of the total operation will depend more on the ability to collect the 
major chrome-bearing liquors for treatment. The sludge is also required to be 
chrome-free, separate chrome flow treatment will isolate the chrome in a 
small sludge/slurry 9 which may be removed for special controlled disposal, 
but would preferably be reused). The general sludge will be virtually chrome-
free. To obtain an almost chrome-free supernatant it is suggested that the pH 
of the retan and other chrome-bearing liquors be raised to greater than 8 by the 
addition of lime. Aluminium salts and anionic polyelectrolyte can also be 
added to give a fast-settling flocculant that may be separated out in a 
sedimentation vessel (only lime is used to precipitate the chrome in the design 
proposed). Due to the Cr removal and the addition of lime, TDS is decreased 
in the effluent because all the heavy metals and other radicals will be 
precipitated as hydroxides.    
- Equalization and Sulphide oxidation tank: In order to improve the 
efficiency of treatment and avoid having to design treatment plants of a size to 
deal with peak flows, it is normal to incorporate a system for balancing and 
combining of the effluents. Equalization promotes some neutralization and 
mutual precipitation. It is essential that the suspended solids do not settle, and 
that aerobic conditions are maintained. This is achieved by air injection into 
the lower level of the tank via air diffusers. H2S gas is liberated as the 
sulphides liquors become neutralized and the mixed liquors are well aerated. 
Ferrous sulphate, ferric chloride, and manganese sulphate can also be used for 
sulphides oxidation  (only aeration is used for sulphides oxidation in the 
design proposed. 
 - Sedimentation tank:  Relatively simple technology allows the removal of 
up to 95% of suspended solids and around 70% of BOD, and around 40% of 
COD. Coagulation is easily achieved with aluminium sulphate or ferrous 
sulphate, both of which are cheap, readily available and effective. Long chain 
anionic polyelectrolyte is also very efficient in coagulation.( no chemicals are 
used for coagulation in the proposed design). 
- Drying beds: these are useful for small tanneries in rural locations. They 
require only low capital, but are labor intensive, as they must usually be 
manually emptied when the material has dried. Sludge may be shoveled when 
the solids content is around 25-30%, at which point the cake may be removed 
for disposal or for agricultural use if chrome-free. Odors can be minimized by 
sprinkling the surface with hydrated lime. The layer of sand in the base of the 
bed, usually removed together with the sludge cake, must be replaced. In the 
proposed design separate Cr drying beds are constructed, and the other 
sludges are almost chrome-free. 
   
5.3.2 Cost of pretreatment unit plant of Hibatan Tannery: 
       The total cost of Hibatan Tannery is about 60 US.$. This is far much less 
than the expected cost. Other tanneries can cost much more, and this depends 
on the method of treatment used, evaporation ponds if present, more 
equipment, more advanced construction methods, the type of soil underneath 
and many other reasons (see Appendix D). In Hibatan Tannery the cost of the 
ETP is highly taken care of, only the most important parts of the ETP are 
considered, and a reasonable cost is estimated to enhance its construction. 
 
5.3.3 Recovery of Residues, Effluents, and Wastes (5)  
       This section considers some of the options for end-point recovery of 
residues for non-process uses. Effluent and sludge loom largest as disposal 
problem and therefore should be the first to be investigated for recovery 
possibilities.  
1. Recovery of residues: 
Organic matter:     
  Treatment sludge of organic composition, if free of Cr or S2-, can have a 
certain value as a soil conditioner. It also has some minor fertilizer effect from 
contained nitrogenous compounds. Such benefits are best obtained by 
ploughing the sludge in immediately after application rather than letting it 
form a skin on the soil.  
       The maximum values for chrome 3+ in soils and sludges were proposed in 
a discussion document produced for the European Community in 1988. They 
are not official limit values. 
 
 
 
 
 
 
 
 
 
Table (5.3): Maximum values for trivalent chromium in the soils and sludges. 
(Source- Williams) 
 
Soil concentration 
(mg/kg) in air-dry soil 
 
150 to 250 
Sludge concentration 
(mg/kg in sludge dry matter) 
 
1000 to 1500 
Total metal addition to agricultural 
Land ( kg/ha) 
 
300 to 600 (a)(c) 
Annual addition to agricultural land 
(kg/ha/yr)(based on a 10 yr average) 
 
4.5 (b)(c) 
(a) For a background conc. Of 50 mg/kg, the addition is based on an allowable increase of 
100-200 mg/kg assuming 25cm depth of cultivation and a field density of dry soil of 1.20 
(b) Based on a mean total metal addition of 450kg/ha and an enrichment period of 100 yrs 
(c) all additions are subject to the soil concentration limit not being exceeded.. 
 
Dissolved salts: 
       Salts recovery by osmosis or evaporation is an advanced technology and 
is not yet much used. 
       Cr recovery: collection of Cr-bearing liquors for treatment with alkali to 
precipitate the chrome as hydroxide. The hydroxide may be passed after 
thickening to a filter press or belt, the cake so formed then being redissolved 
with sulphuric acid and reuse. (Fig. 5.1) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Effluent: 
       Process effluents are sometimes reused for irrigation where water is in 
short supply and/or effluent disposal is severely restricted. Given suitable 
treatment and quality control, such re-use has substantial merit and should be   
encouraged. But dumping of raw, high-strength wastewaters on land in an   
uncontrolled manner can cause substantial permanent damage to soil. 
 
Table (5.4)   Maximum level for wastewater used in irrigation 
(source- EPA, Victoria) 
   
Total dissolved salts 500 g/m3 
Sodium absorption ratio 5 
pH 4.4 - 9.0 
Chromium 0.1 g/m3 conc., 50 g/ha total mass 
Toxicants (eg. fungicides) absent 
 
 
Table (5.5) Recommended Maximum Concentration (RMC) of Trace 
Elements in Irrigation ( Source: Faris.F.Gorashi 2002) 
  
Element Symbol RMC (mg/lit) 
Aluminum Al 5.0 
Cadmium Cd 0.01 
Chromium Cr 0.1 
Cobalt Co 0.05 
Copper Cu 0.2 
Iron Fe 5.0 
Lead Pb 5.0 
Manganese Mn 0.2 
Nickel Ni 0.2 
Zinc Zn 2.0 
 
 
5.3.4   Disposal of effluents: (5) 
Discharge to natural bodies of water: 
       Conditions for the safe discharge of effluent depend on the nature of the 
receiving water. Accordingly, no rules can be given except to say that high 
salts, Cr, BOD5, and sulphate levels are likely to be unacceptable in most 
cases. 
Discharge to sewers: 
       Many municipal sewerage systems accept wastewaters from local 
industries; less pretreatment is usually required than is necessary for discharge 
to rivers. Nevertheless strong effluents can damage concrete sewage system 
and interfere with the operation of treatment plants. Controls are for this 
reason frequently imposed on waste volume and strength. Effluent parameters 
being increasingly limited by authorities include: pH, S2-, BOD, COD, O&G, 
Cr. 
Evaporation lagoons: 
       While in the theory overcoming many of the limitations imposed by 
natural waters or by sewers, evaporation lagoons have their own constraints – 
odor, possible seepage to groundwater, and accumulation of pollutants. 
Provided these problems can be overcome, and assuming that land is 
available, evaporation can be an option for disposal. Its use is nevertheless not 
very wide spread. 
 
3. Disposal of sludge and solid wastes: 
Landfill:  
Dewatered sludge from tanneries can normally be disposed to controlled 
landfill without significant environmental problems being incurred. Tanning 
sludges should immediately be covered with inert material to avoid odor 
generation and insect infestation. 
Incineration: 
       Incineration and pyrolysis are preferred more than landfill. High 
temperatures are necessary to achieve effective incineration. Emission control 
devices may need to be fitted to comply with air pollution regulations. 
Incineration under uncontrolled conditions leads to unacceptable emissions, 
and this is not recommended. 
 
Table (5.6): Indicative values of incinerator emissions of a tannery  
(Source: CTC) 
 
Parameter Value 
Solid particles 830 mg/m3 
Heavy metals 34 mg/m3 
Chloride 5520 mg/m3 
Exhaust gas temperature 800oC 
 
 
 
 
 
 
 
 
5.4 Tanneries of Africa (12) 
      The United Nations Industrial Development Organization UNIDO 
prepared a paper for a Seminar on Pollution Control in the leather industry in 
Nairobi in June, 1992. They selected some tanneries around Africa: Kiridi, 
Alpharama Tannery in Kenya, Sagana Tannery in Kenya, afro-leather 
Tannery in Tanzania, Asaria Tannery in Zambia, Sintrapel Tannery in 
Mozambique, and Liwonde Tannery in Malawi.        
       The approach to a practical design for all the above tanneries was: 
Design Data Form:  
       This includes some data about the tannery such as capacity, production 
cycle, water consumption, rainwater, and area available for the ETP. It also 
includes local environmental aspects such as tannery location, climate factors, 
final recipient body, and the standards for effluent discharge. 
Designs of treatment plants included: 
- Screens; fine, course, brushed, manually cleaned, auto cleaned, etc. 
- Cr removal tanks; sometimes reuse devices are used. 
- Equalization tanks & Sulphide oxidation tanks; aeration and chemicals are    
also used. 
- Homogenization tanks; chemicals for flocculation and coagulation are 
sometimes added. 
- Sedimentation tanks. 
- Evaporation ponds or a lagooning system; these are attempted when the 
recipient body is a natural water body. 
- Drying beds; both for chrome and other sludges. 
- Chemicals used: 
- Ca(OH)2 for Cr precipitation, 
- MnSO4 as a catalyst for sulphides oxidation, 
- Alums and poly in the flocculation and coagulation tank immediately 
before sedimentation. 
- Equipments used (Appendix D): 
- Electric supply, 
- Lifting pumps, submersible type, 
-  Helicoidally pumps or sludge pumps, 
-  Rotary-vane air blowers or centrifugal air blowers, 
- Air distribution devices, 
- pH control devices, 
- 2-head dosing pumps (for poly and alums), 
- Stainless steel mixer with paddles and shafts (for dissolution of 
chemicals), 
- Floating aerators, high speed type (for lagoon aeration), 
- Half-bridge rotary scrapers (for secondary treatment). 
 
 
5.4.1 Cost of pretreatment unit plant of African Tanneries (12) (Appendix D) 
       A good equipped tannery pretreatment unit plant costs between 100,000 
& 200,000 US.$ according to the equipments used. 
       The civil works of a complete pretreatment unit plant (screens, chrome 
removal tank, sulphides oxidation tank, sedimentation tank, cost between 
150,000 &250,000 US.$. 
       Therefore, a complete pretreatment unit plant for tannery wastes, well 
equipped costs between 250,000 & 450,000 US.$. 
 
5.5 Tanneries of the Khartoum State (9) 
       In Khartoum State there are about 8 tanneries: 
- 2 in IAKN (Hibatan, Afrostar tanneries), 
- 2 in Omdurman, 
- 4 in Khartoum (White Nile, Al Nasr, Khartoum Tannery Company, & 
Afrotan tannery at El Bagair). 
Most of these tanneries have only screens and sedimentation tanks; no 
chemical or biological treatment is used, no periodical cleaning of the settling 
tanks and drying beds, and all their wastewater quality does not meet the 
acceptable limits. 
 
5.5.1 Al-Bagair Tannery: (2) 
       It is considered as the best tannery of all 8 (Fig.2.32, 2.33). Afrotan ETP 
includes: 
Brushed screens, chrome precipitation tank, equalization and sulphides 
oxidation tanks, air blowers, centrifugal pumps, solid collection area, and 8 
evaporation ponds. 
Chemicals used: MnSO4, polyelectrolyte. 
 
5.5.2 Al-Nasr Tannery: (13) 
       AL-Nasr tanning Company has undertaken some steps and action to 
fulfill its commitment to environmental protection. The following projects are 
already in operation now and have been implemented in co-operation with                    
 “The Academy of Scientific Research and Technology Cooperation STC 
program with USAID: 
- Utilization of enzymes in soaking and liming processes. This technology 
allows significant reduction of the total pollution load in the final effluent 
• 20 – 30 % reduction in SS, BOD, COD, AND TKN 
• 30 – 50 % reduction in S2- utilization. 
-  Utilization of CO2 gas in the deliming as a substitute for the frequently used 
ammonium salts. Using this technique the following advantages were 
achieved : 
• Water savings of about 30%, 
• Elimination of acids used for neutralization, 
• Marked reduction of the ammonium salts used (from 1.5% to 0.3%), 
• Reduction of nitrogen and ammonia concentration in final effluent by 
about 50% of its original value as shown in table (5.7): 
 
 Nitrogen in effluent 
(mg/lit) 
Ammonia in effluent 
(mg/lit) 
Deliming bating using 
Ammonium salts 
 
1.52 
 
0.92 
Deliming bating using 
Carbon dioxide 
 
0.81 
 
0.41 
% Reduction 47% 55% 
 
- Color Match System (CMS): 
       This system will give an economic utilization of dyestuff, thus reducing 
the amount wasted. A saving in the cost of dyes reaches over 30% and a 
corresponding decrease in organic pollution (BOD, COD) in the final effluent 
is anticipated, thus reducing the cost of the wastewater treatment system. This 
modification has already been implemented in the company (Feb. 2000). 
 
- Cr. Recovery Unit: 
       A complete chrome recovery unit has been installed at the United 
Tannery to treat effluents of chrome tanning section. The section comprises: 
• Precipitation tank. 
• Thickener, 
• Rotary drum vacuum filter, 
• Screw conveyor, 
• Cake dissolution tank, 
• Cyclone separator, 
• Cr storage tank. 
The recovered basic chrome salt is used in tanning operation in a ratio of 25% 
of the total chrome requirement of this tannery (Fig 5.2). 
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Fig. (5.2 ) Proposed Cr Recovery System. 
 
 
 
 
 
 
  Finally the study showed the problems caused by industrial wastewaters and 
specially tanning effluents. Pollution from tanneries, as from any major 
industry, has a negative long-term impact on the growth potential of a country, 
irrespective of the immediate economic benefits of the production. Polluted 
water, air or soil affects people’s health, and damaged the ecological 
processes than sustain the production of food. 
       Pretreatment unit plants are found to be the best solutions for all polluted 
waters, and a skilled operator is of equal importance. Periodical maintenance 
also increases the efficiency of treatment. 
       Industry needs to adopt improved technologies and operations, while the 
authorities must provide a predictable legislative framework within which 
investment decisions can be taken. Both these sectors require technical advice 
and assistance from planning and service authorities, and from research and 
industry associations. 
   
6.1   Conclusion 
       This study is carried out on the attempt to assess the effluent of the IAKN, 
and specifically the tanneries effluent, since tanning and its associated 
operations can be a source of considerable environmental impact. Air and 
water pollution, widespread odors, poisoning from toxic gas, unsafe disposal, 
difficulties with disposal of treatment sludge, occupational safety, and the 
creation of hazardous wastes are among the problems that have been 
experienced to a greater or lesser extent in the industry. 
 
 6.1.1 Many factories of different types of industries are 
considered in the visit; only five of them are selected for 
a closer study. These are:                                                                
1-Food Industry (Tahnia), Military Forces Factory. 
2-Textiles, Sudanese Dyers Co. Ltd. 
3-Pharmaceuticals, Amipharma. 
4-Soaps and Oils, Soap and Allied Industries (Bittar). 
5-Tanneries, Hibatan Tannery. 
6.1.2 Comprehensive quantitative analysis for their effluent is done and the 
results are shown in table (4.1). The findings of this analysis are: 
- pH       : all 5 factories have their pH lies within the acceptable range         
(5.5-10). 
- Odors  : most of them have offensive odors. 
- COD   : all 5 factories have their COD lies within the acceptable limit                    
(1600 mg/lit). 
- BOD   : all 5 factories have their BOD lies within the acceptable limit        
(800 mg/lit). 
- TDS    : 3 of these factories exceeded the acceptable limit  (2000 mg/lit). 
- TSS     : 2 of these factories exceeded the acceptable limit  (800 mg/lit).                       
- O&G   : all 5 factories exceeded the acceptable limit           (150 mg/lit). 
- Cr&S2-: The tannery effluent results far much exceeded the acceptable limit 
(1&100 mg/lit) respectively. 
       It is clearly realized that the tannery effluent exceeded most of the 
acceptable limits, therefore, it is chosen for the pretreatment unit design.   
 
6.1.3 Tannery Data: 
-Tannery      : Hibatan Tannery  (Sudan, Industrial Area of Khartoum North) 
-Capacity     : max. 8250 kg/batch                                                              
- Production : 75 kg of chrome /batch.    
 -Process      : conventional hair pulping system (lime and sodium sulfide)                      
in paddles, and chrome tanning in drums.     
 -Work time : 6 days a week, 2 shifts a day (14 hrs). 
     -Water consumption: 60 m3/day. 
-Rain water  : separately discharged. 
-Total area   : 16,000 m2  
-Area available for E.T.P.: 13,000 m2  
-Tannery location: industrial zone. 
-Recipient body: industrial sewer, and an effluent treatment plant. 
-Limits for discharged: Industrial Local Order of Khartoum North 1971. 
 
6.1.4 Operation Data: 
- Batch : 8250 kg of skins (cow, sheep, and goat). 
- water consumption: 60 m3/day. 
- peak flow: 13 m3/hr.  
 
6.1.5 Optimum parameters for the design of a tannery ETP: 
- Screen: bar screen, inclined at 60o, manually cleaned, bar size 10 mm,                       
spacing 10 mm, inclined dimensions 0.5*0.58 m,  
  pit dimensions 1.7*0.5*0.75m. 
- Lifting tank: volume 6.5 m3, dimensions 2.1*2.1*1.5 m3, 
  lifting pump capacity 25 m3/hr at 4 m head.   
- Cr removal tank: volume 25 m3, dimensions of reinforced concrete tank                   
3.5*2.5*3 m, detention time 5 days, amount of Cr in the effluent 
10.9 mg/lit, amount of lime required is 16 mg/lit. 
- Equalization & sulphides oxidation tank: volume 120 m3, dimensions of 
reinforced concrete tank 4.5*9*3 m, detention time 2 days. 
- Sedimentation tank: volume 32.5 m3, dimensions of reinforced concrete tank 
(Dortmund type): surface 13 m2, perpendicular walls 2 m, total 
height 4 m, slope 60o, and detention time 2.5 hrs. 
- Cr drying beds: 2 beds 1*5, sludge depth 0.2 m. 
- Other sludge drying beds: 5 beds 2.5*6, sludge depth 0.25 m. 
 
       The use of cleaner production processes and efficient treatment plant will 
do a great deal to reduce the environmental impacts. But even cleaner 
technology will not produce the desired results unless there is correct 
operation and maintenance. 
       It is known that the cost of the treatment unit plants, its operation, 
maintenance, and the chemicals used in treatment are extremely expensive, 
but they are very important to save the environment around us. 
       With the right combination of technology and organization, with 
sufficient guidance from the authorities, and with good backup from industry 
and professional services, an environmentally sound basis for tanning 
operations and other industries is achievable. A reduced input from any one of 
these areas requires a disproportionate combination from the others if the 
same goals are still to be achieved. 
 
 
6.2 Recommendations 
- Updating of the industrial local order. 
  
6.2.1 Recommendations for IAKN: 
- Land use planning permits and zoning for industries. 
- Monitoring the discharges from industrial factories (quality & quantity) 
as basis for charging fees. 
- A certificate should be sent for every individual factory containing the 
results of their effluent analysis and clarifying some solutions for the 
problems, if present, and insisting on following the local standards of 
the industrial wastewater disposal. 
- Factories with bad effluent quality (exceeding the acceptable limits) 
must be forced to construct pretreatment unit plants according to the 
quality of their effluent.  
- Close and periodical monitoring of the pretreatment unit operation and            
maintenance is important (both owners and authorities' responsibility). 
- Some factories that are not connected to the sewerage network, they 
used to discharge their effluents in wells. These effluents should be 
analyzed and the effect they make on groundwater should be known 
and controlled. 
    
6.2.2 Recommendations for Sewerage Network: 
- Public works authorities must specify effluent standards to protect the 
sewerage system. 
- Inforcing the 1971 Act (of Khartoum North Municipality law). 
- The asbestos pipes in the network are extremely old, and diameters are 
no more suitable. All pipe lines should be revised, some of them need 
changing, and extensions for new factories should be constructed. 
- Manholes should be revised and increased according to the needs. 
 
6.2.3 Recommendations for Hibatan Tannery: 
- Construction of the proposed treatment plant. 
- Cleaner production technologies at all stages of leather production and 
waste management are recommended. 
-  Proper incineration of the solid waste to protect the surrounding 
environment from the contamination with hazardous wastes. 
- A well-trained operator for the pretreatment plant, and a simply 
equipped small laboratory is required are important to monitor the 
treatment efficiency. 
 
 
 
6.2.4 General recommendations for Tanneries: 
- Location and zoning of heavy industries are important. 
- Siting close to services such as sewers and communal (industrial) 
treatment plant is to be preferred. 
- EIA and risk assessment for new plants. 
- Controls on effluent discharges, air emissions and waste disposal. 
- Limits for occupational exposure and risks to workers. 
- Standards for storage, transport, labeling of chemicals. 
-  Bans on the use of certain of certain chemicals such as specific 
biocides or dyes. 
- Trained and skilled operators for the treatment plant operation. 
- Periodical maintenance of the treatment plant. 
 
6.2.5 Recommendations for the sewage treatment plant at Hag-Yousif: 
- Rehabilitation of the head works, ponds, final effluent pumps, and laboratory. 
- Rehabilitation of the drying beds. 
- Staff the plant and train the personnel. 
- Assess the influent and effluent (quality & quantity) and ensure good 
efficiency and quality control. 
- Connect the residential area. 
- Improve the final effluent quality and connect it to be used for 
irrigation. 
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